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The Engine Indicator—its Design, Theory and 
Special Applications. By K. J. DeJuhasz, Assis- 
tant Professor of Engineering Research, Penn- 


sylvania State College. Cloth, 54 x 814 inches. 
240 pages. 


Everyone who has taken a technical course—whether the 
full curriculum or even a brief practical course—remembers 
that books on engine indicators filled a whole shelf in the 
school or university library. Some of us remember also that 
these books dealt with the steam engine indicator and that 
they echoed one another. Seldom referred to nowadays by 
practising engineers, these old books are of little more than 
historical interest. The time was ripe for a modernized treat- 
ment of modern indicators for the users of high-efficiency 
steam and internal combustion engines developed since 1914. 
This is it. 

But it is much more: it is a mine of valuable information 
not only for engineers in power plants, pumping stations, truck 
and bus fleet shops, engine factories and automotive and aero- 
nautical research laboratories—not only for these but for all 


engineers who have to investigate forces and motion na 
ticularly for engineers who may not have the least interest ; 
engines but who are concerned with variable pressures 
Although the author made the improvement of indicato, 
his principal work for many years (developing the DeJuhag 
Indicator as well as others not bearing his name) his recon 


years as Assistant Professor of Engineering Research at Penp. 


sylvania State College have evidently been largely devoted y 
finding new uses for what he calls “normal types” of indicaton 
for special applications. His book should prove useful in ever 
shop and laboratory where variable pressures have to be know, 


Firearms people who deal with extremely high pressures lastin I 


a thousandth of a second, ammonia-compressor people wh 


deal with comparatively slow variations, and many other clase ff 


of technicians, will all find Prof. DeJuhasz talking straight 
them in their own language and telling them of ingeni 
methods they all can use profitably. 

One reads this book with delight and astonishment at th 
remarkable advances made in recent years, and with admin 
tion for the author's lucid presentation of every conceivabk 
angle of his subject. 

The figures are numbered up to 132 but many numbers ar 
supplemented by letters up to g or h, so that there are som 
thing like 300 separate illustrations, which add to the clearnes 
of the text and greatly increase the value of the book for bus 
engineers. 
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Combination of ““The Engine Indicator” by Prof. De Juhasz 


and One Year’s Subscription to Instruments—$3.75 


Foreign price $5.0) 
for same combination 


(If you are a subscriber at present, your subscription will be extended one year.) 








INSTRUMENTS PUBLISHING Co., 
330 W. 42nd St., New York City 


Send me a copy of “The Engine Indicator” by DeJuhasz and enter my subscription to Instruments for one year, for whid 


find check for $3.75 enclosed. 
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An important advance in the switching art. By 
means of Beryllium Copper springs, and in- 
genious design, fast positive snap action of the 
switch is obtained no matter how slowly actu- 
ated. Large silver contacts assure long life under 
full loads. Housed in a rugged molded phenolic 
case fully insulated. Its unique operating fea- 
tures—operation on .00! motion, freedom from 
effects of vibration, recommend it for numerous 
applications where ruggedness and reliability 
are essential. 





Actual Size 





. SPECIFICATIONS s 


DIMENSIONS: Length | 15/16". 
Height 27/32”. Width 11/16". Dis- 
tance between centers of mounting 
holes, 1”. Mounting holes, 1/8” di 
ameter. 


OPERATION: Actuated by .00!” mo 
tion and 4-ounce pressure differ 
ential, in any position. Vibration 
proof. Rapid, positive performance 
Operates at high speeds. 

RATING: Handles 10 amperes, 110 
volts a.c.; 5 amperes, 220 volts a.c 

TYPES: Red Top—Normally closed 
Green Top—Normally open. Blue 
Top — Double throw. 


BURGESS VACUUM CONTACT 


A switch of proved reliability under exacting conditions. 
Operates at high speeds—up to 40 per second—and in 
any position. Contact is made in a vacuum, by means of 
an extended glass rod, assuring sharp make and break 
free of chattering. Operates on .02° motion and force of 
less than I0 ounces. Rated at 6 amperes, | 10 or 220 volts. 
The clean-cut action of the Vacuum Contact, combined 
with its ability to withstand high temperatures and safety 
in explosive atmospheres, suggests its use in many indus- 
trial, laboratory, and scientific instruments and devices. 


Write for Descriptive Literature 


C. F. BURGESS LABORATORIES, Inc. 


FREEPORT, ILLINOIS 
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LET’S Look AHEAD... 


WE 00 OUR MART 


Twenty years ago, pyrometer users 
were satisfied if they could measure tem- 
perature within 25 degrees at 2000°F. Ten 
years ago, 10 degrees was considered good. 
Today the Brown Potentiometer has a 
guaranteed accuracy of Ys of 1%, or with- 
in 4 degrees at 2000°F. 

You may think you do not need such 
accuracy today, but how about ten years 
from now? Competition in industry is con- 
stantly demanding more precise manufac- 
turing methods. 

Why not buy an instrument which 
has the accuracy which you will need in the 
future, regardless of whether you need it 
today? 

There is no such thing as too great 
accuracy in measuring temperature. You 
never know when you may need such 


accuracy. 


THE BROWN INSTRUMENT COMPANY 


4482 WAYNE AVENUE 


Branches in 22 principal cities 


PHILADELPHIA, PA. 
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THERE IS NO SUBSTITUTE FOR 


ERXPERICMAE +0. 


@ When you ask Foxboro Engineers to solve your Flow 
Control Problems, you are getting the benefit of— 


@ 10 years Flow Control Experience. (Foxboro made the 
first Flow Recorder-Controller in 1924.} 

y 
@20 yes t F M 6 C 

Ext 

t ae kK Ww 3 gq 0 r 

r _ ns € 

4 1d 
@A progressive f y of development and resé 


There is no Substitute for the FLOW STABILOG 


We have never known an instrument that has dupli- 
cated the performance of the Flow Stabilog. It has 
both essentials of complete control—Full Reset and 
Full Throttling Range Adjustment. It is never depend- 
ent on additional mechanisms for its results. It main- 
tains that constant flow so essential to balanced op- 


eration. 


@ if you are not familiar with the advantages of 
STABILOG CONTROL, send for a copy of our Bul- 
letin No. 175. You will find it interesting and profit- 
able—no cost or obligation to you of course. 


Flow-Ratio Control 


The Ratio Flow Stabilog is the only real answer to this prob- 
em. It makes one flow follow the other like a shadow. Accurate 
measurement of both flows is maintained at all times. It is ex- 
tremely easy to set the ratio and put the instrument in opera- 
tion. Once in operation, the instrument is 100% automatic and 
will compensate for all process changes. Write for details! 


Liquid-Level Control 


Process balance may require a non-surging flow to or from 
an accumulator in which the level varies. The Liquid Level 
Stabilog controls the flow and the level at the same time. It 
entirely eliminates the surges in flow that produce upsetting 
surges in the process. For complete information write for Bul- 
letin No. 181. 
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ONE OF OUR EXPERIENCES . 
A Flow STABILOG at the She 


Refinery in Montreal 





MAJOR FACTORS RESPONSIBLE FOR THE 
| SUCCESS OF FOXBORO FLOW CONTROL 


|. The inherent accuracy of Foxt 
Straight-Line Meter. 


2. The fundamental correctness 


STABILOG SYSTEM OF CONTROL. 


3. The correct design of the Foxt 


STABILFLO VALVE. 


4. A background of sound engineer: 





knowledge of control problems. 


FOXBORO 


REG. U. S. PAT. OFF. 


THE COMPASS OF INDUSTRY 





THE FOXBORO COMPANY, FOXBORO, MASS. 


BRANCH OFFICES IN PRINCIPAL CITIES 





MOST COMPLETE LINE OF INDUSTRIAL PROCESS CONTROL EQUIPMENT 
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In This Issue 


Each of this month’s two feature arti 
cles is devoted to a specialized branch of 
the ever-expanding science of Measure 
ment; each represents a useful contribu 
tion by a competent specialist; and both 
Messrs. Benedict and Hayward present 


detailed expositions. 


In the March instalments of the elec 
trical instrument series, the principal 
measuring elements were described. How 
some of these are employed for the meas- 
urement of current and of voltage is thie 
subject of this month’s instalment. 

Instrument manufacturers have not 
allowed the depression to prevent them 
from developing new models—even radi 
cally new types—as witness this month's 
lengthy New Instruments Section. 


In Coming Issues 


An article on the inelastic properties 
of “elastic” members of instruments, pre 
senting the latest data on deviations from 
perfect elasticity and how to minimize 
them. 

Another correlating recent European 
developments in metering orifices, many 
of which are decidedly worth knowing 


on this side of the pond. 


Another describing the role of Instru 
mentation in a fast-growing new indus 


try. 


\n extraordinary brain-child propos 
ing a rational method of filing the ideas 
contained in Instruments (and in other 
technical journals) and of finding them 


when you want them! 


And several specialized measurement 
articles whose authors are now putting 


them in final shape. 


The Front Cover 


Not many decades ago “sewage” was 
an almost unmentionable word. Science 
discovered values going to waste. Engi- 
neering developed disposal plants. Final 
» Instrumentation automatized these 
plants and created pleasant working con 


ditions. The front cover testifies to prog 


ress achieved jointly by the Westchester 


Sewerage Commission and instrumenti 


cians, 


EDITORIAL COMMENT 


Instrumentation Benefits 


Both Capital and Labor 


ROPAGAN DISTS of all shades from red to silver are at it loud and 

strong. Instruments receives its share of mimeographed publicity 

from various movements, but as a technical journal it will not take 
sides in political, racial, geographic or class discussions——so long as 
the discussers stick to their specialties. When any of them start blam 
ing automaticity for the world’s ills, however, we do not hesitate 


protest. 


It seems to us that some highly-publicized orators and writers start 
fruitless controversies to keep their names in the papers and to profit 
at the expense of hard-working citizens. We suspect that tw 
by hurling wild accu 


thereby ) 
or three pompous asses who made the front page 
sations knew very well that there was not an iota of truth in their 
sensational “disclosures.”’ 


Two things are certain in connection with current propaganda l 


Most of the sensational speeches, articles and editorials are built up of 
words and expressions which have been twisted until they have lost 
their original meanings; and (2) most of the inflammatory orators and 
writers cunningly use such words and expressions to gain unfair ad 
vantages. It has come to the point that the moment a racketeer is col 
lared by justice he hires a ghost writer to play him up as a “patriot 
“persecuted” by “communists.” In spite of the traditional American 
sense of humor, love of fair play and compassion for the under-dog 
perhaps because of these national traits—there is danger that ill-us 
words will set off unbridled emotions. 


Unfortunately, such terms as “labor saving” and “technological 


unemployment” are in that category. Of all the nonsense belched out 
of the filthy mouths of prejudice-inciters, the most dangerous to our 
industrial civilization is the anti-science and anti-machinery propa 
ganda. 


Don’t make the mistake of underestimating its danger. You may 
through its fallacy, but you are one of a scant five million Americans 
who do. The rest of the population lacks definite technical knowledg 
and therefore can have its emotions played upon by slogans until it 
believes that black is white, that science creates poverty We have 
heard many women express this belief, and we have heard several jour 
nalists declare that Americans are more susceptible to propaganda than 
other peoples, It behooves us all to kee p on proclaiming that 


Instrumentation reduces the sum total of waste and drudgery, there- 
by enabling people to have more and better foods, clothes, houses, 
books, cars and goods of all kinds, and also to have more and more 
leisure. Instrumentation enables employers to pay high wages and to 
make the profits on which government must largely depend for “en- 


dowing leisure” and maintaining humanitarian and social-betterment 
£ £ 


agencies. M. F. Benar 





ERRATA 


In Fig. 1, page 64, last issue, the \t the end of the caption of Fig 


galvanometer should be connected 32-22, page 76, last issue, there 
right and left, not top and bottom. 


We hope all readers immediately The Bristol Co 


should have been added a credit to 


manufacturers of 


detected a draftsman’s slip—which the instrument shown. Don’t blame 
we forgot to look for. Sorry! Mr. Borden: all our fault! 
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Bridge Methods for Measuring 


ielectric Power Factor and Capacitance 


By F. R. BENEDICT* 





INCE the Schering bridge is a relatively recent develop- 
ment, not generally taught even in electrical engineering 
courses until less than ten years ago, it might have re- 
mained a complete mystery even to most of those concerned 
with measurements of electrical properties. One useful thing 
about Benedict’s article, therefore, is that it differs from most 
technical papers in that the author unblushingly describes the 
circuit before going on to show how and why this circuit should 


be modified to facilitate measurements of power factor and 
capacity of dielectrics under field conditions. That he leads up 
to his own Laboratory’s developments, without describing others, 
is a touch of loyalty which does not detract from the worth and 
timeliness of his article. Besides, he scrupulously appends a com. 
prehensive list of references. Among these, No. 16 is no doubt 
the one to consult for details of the “Schering galvanometer” 
so briefly mentioned in the article. 





1. INTRODUCTION 


OR determining the electrical characteristics of insulating 

material, in either simple or composite form, the dielectric 

power factor and capacitance test is the best single test 
which can be made. Many power companies and users of in- 
sulating materials are making regular routine tests on their 
insulation. The location and reconditioning or replacement of 
faulty or poor insulation is paying dividends by making pos- 
sible better maintenance of service. 

Dielectric power factor capacitance methods are of two gen- 
eral classes, those methods which employ direct deflection in- 
struments and those which utilize balance methods with more 
sensitive deflection instruments. 

Direct deflecting instruments require frequent calibration, 
are subject to inaccuracies due to wave form, are of low range 
with high sensitivity or of high range with low sensitivity 
making necessary a number of instruments, and in general are 
difficult to read accurately. 

Balance methods embodying the bridge principle may be 
made highly sensitive without loss of portability or general 
utility. Portable a.c. galvanometers are commercially available 
which compare in sensitivity with the best d.c. instruments, are 
sturdy, positive in indication, readily portable, do not require 
calibration and are insensitive to wave form. 

Contrary to opinion, power factor measuring methods are 
not difficult in elementary theory. The operation of the power 
factor bridge is simple and an operator with only a few hours’ 
experience will obtain results consistently and accurately. 


2. THEORY OF NETWORKS 

Power factor measuring methods ordinarily utilize a bridge 
principle with the advantage of the null method of detection. 
The general 4 branch impedance network is shown in Fig. 1. 
The circuit contains in its branches: resistance, inductance and 
capacitance alone or in combination. The inductances of the 
branches are made as small as possible in the common power 
factor bridge networks. The branches thus contain resistance 
and capacitance alone or in combination. The network is sup- 
plied at A and B by a pure sine wave voltage. A sensitive 
detector is connected across C and D. 

Consider first the case of Z,; = Ry, Zo = Ro, Zz = Ro, 


Z, = Rg where R,, Ro, Rg and Rg are pure non-inductive 
resistances. For detector current J, = 0 the ordinary Wheat- 


stone bridge balance obtains and 

R, Rg = Ro Rz 

If Z,, Zo, Z,; and Z, are the symbolic impedance functions 
of the different branches, then the symbolic balance equation 
for Ip 0 is 

Z,24— 2223 

Remembering that Z == R +- jX and allowing each side to 
operate on an arbitrary vector r we obtain 

(Ry + jX1) (Rg + 5X4) 1 = (Re + fX2) (Rg + JX) 1 

If the above equation is treated algebraically the relations 
existing at balance between the branch constants are 


*Laboratory Eng., Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 
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(iy ~~ KR} 4-5 
XoX3) +7 (ReX3 + RgXp) +. 


+ X,R,) r = (RoR 


Now when two vectors are equal their effective resist 
and reactance components are equal, so that 


R,R4 RoRg = X1X4 — XoXe2 
and 
X,R, Xz Ro XoRz X,R, 


are the conditions which must be fulfilled by the branch r 
tances and reactances. If X,X4 XX the two conditior 
to be fulfilled are that 


X,X4 = XoXz and R,R, m4 RRs 


These equations show that the resistance and reactance ter 
must independently fulfill the ordinary Wheatstone bridge | 
ance condition. Two adjustments of the branch impedanc« 
must be made, for in dealing with alternating quantities, phas: 
as well as magnitude must be taken into consideration 

This general theory applies to most of the power factor 
bridges in use at the present time. The simple theory does not 
take into account ground capacitance or cross capacitances 
between the different arms. This may be allowed for by insert 





Fig. 1. The general four branch impedance network. 


ing the pertinent terms into the impedance equation. |! 
general these residuals are balanced out or compensated for i! 
the bridge network and do not appear in the bridge networ 
equations. 


3. THE SCHERING BRIDGE 


The Schering bridge circuit in its simplest form is shown in 
Fig. 2. C, is the test specimen. Cy is a standard capacitor 
(air or compressed gas). Rg is a non-inductive resistance 
variable from 0 to 1111.1 ohms. Ry, is a fixed non-inductive 
resistance of 265.5 ohms (60 cycles). C4 is a low loss stanc 
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Fig. 2. Schematic diagram of the Schering 
bridge with simple shielding. 





capacitor, variable from 0 to 11.11 mfd. V.G. is a sensitive 
vibration galvanometer, preferably of the Schering type. The 
voltage supply E should be a sine wave voltage as pure as it 
is possible to produce. The balance equations of this network 
are easily derived. Writing the branch impedance operators 


l l l 
4,=h,+- 3 Ze 3Z3 Ry 3%, 
jw jwCe | 
- Jw 4 
Rs 
Applying the symbolic balance condition of the preceding 
section Z,; Z,4 Z5 Zs and inserting terms 


1 ] 
R, + l me Rs; 
jw t yo 4 jWCs 
; R4 ‘ 5 


Reduction of this equation gives 
l Rs C4 : Rs 
ae = -jT- 
“i J wc, Cy Ww RCo 


Equating effective resistance and reactance terms 


‘ 
R, = rs| : | 
Co 


and 


The loss angle ¢ of the tested capacitor C, is 


@ tan-l wC, Rk, wok, 
Then 
Power Factor Cos @6 = sin ¢é —=/— tan ¢ wieykhs 
For a 60 cycle voltage w 377 and R, 265.5 ohms so 
U4 
Power Factor (Power factors below 10%) 
10 
( 4 


(Power factor over 10%) 
10 
C4 in both of these equations is in microfarads. The stand 
ard high voltage capacitor Cy, used with this particular bridge 
at voltages below 100 kv., has a capacitance of 140 x 10-12 
farads. Resistance Ry is 265.5 ohms (60 cycles) so 
37200 


Power Factor Sin tan-1 


C, (Micro micro farads) 

Rs 

A standard capacitor of 51.5 & 10-12 farads is available for 
use at voltages greater than 100 kv. The formula for C, is 

13,670 
changed accordingly to - 
capacitance samples, high capacitance standards are desirable 
for high bridge sensitivity. 

In order that stray capacitance to ground and inter capaci 
tance between arms may be minimized, Ry, Rg, Ca, Ro and C; 
are carefully shielded. By means of an earthing device, the 
shields are brought to galvanometer potential, practically elimi 
nating all ground effects from these parts. Ordinarily a 
Schering tuned vibration galvanometer is used as a detector. 
Extremely-high sensitivity may be obtained by careful tuning. 


In testing low voltage high 


Fig. 3. Schematic diagram of the inverted 
Schering bridge with simple shielding. 


ccc 
Compensating 
Vo/tage 3 
’] oe 








Fig. 4. Schematic diagram of the Atkinson bridge 





t 


The balance for power factor and capitance requires two 
simultaneous adjustments. A null reading on the galvanometer 
is obtained by varying Rs and C, until the null balance rela 
tion is fulfilled. Power factor and capacitance is obtained by 
inserting these values of Rs and Rg in the formulas. Power 
factors may be measured to an accuracy of 10-4, correspond 
ing to a power factor of 0.01% 


4. THE INVERTED SCHERING BRIDGE 


An examination of Fig. 2 shows that a grounded sample 
cannot be tested with the regular Schering bridge. Much field 
testing requires a ready method for testing grounded samples 
such as circuit breaker bushings and transformer bushings 
For such tests the portable Inverted Schering bridge is avail 
able. Fig. 3 shows a schematic diagram of the bridge connec 
tions. ‘This bridge differs from the Schering in that the ground 
and high voltage connections are reversed. The Rg and Rg 
arms must be insulated for full test voltage of 13.8 kv. In 
order to eliminate stray capacitance the shielding circuit is 
raised to galvanometer potential. 

The bridge is made very compact by building the standard 
capacitor Cy as an integral part of the case. The capacitance 


between the inner and outer case is used for Cy. The shield 
ing adjustment, Ry, Cy, R4 and the galvanometer are placed 
in the inner case. Adjustments are made with long micarta 


shafts which go through the guard of the inner case. Operation 
is identical with the Schering bridge. The basic formulas are 


the same for power factor and capacitance. The capacitance 
of Co is about 215 & 10-12 farads so 
a 
Power Factor ( Power factor helow 10% 
10 
, U4 
Power Factor Sin tan-1 (Power factor over 10° 
10 
and 
7 OSZ.5D 
C, (micro-micro farads) 
Re 
Power factor may be measured to an accuracy of 10-4 cor 


responding to a power factor of 0.01% 

This bridge is extremely useful for measuring the power 
factor and capacitance of transformer bushings without drop 
ping the lead which ordinarily goes up through the bushing to 
the top terminal. All that is necessary for making a test of this 
kind is to insulate the lead from the inside of the bushing by 
means of a micarta tube or other insulation. The bushing is 
then connected to the high voltage lead and the transformer 
lead to the shield. The difference in voltage is never more than 
a few volts so no trouble results. Such tests may be made 
without dropping the oil level in the transformer tank or dis 
connecting the transformer lead inside the tank. The tests are 
made with rapidity and low cost. 


5. THE ATKINSON BRIDGE 
In 1925 Atkinson applied the bridge principle in a new way, 
as shown by Fig. 4. He opened the network at (a) and sup 
plied one branch of the bridge at high voltage and the other 
branch at low voltage. Cy may then be a low voltage high ca 
pacitance mica standard. 
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The method of detection is radically different in that it em 
ploys the a.-c. galvanometer which is phase selective. It is 
possible to measure power factor and capacitance indepen- 
dently of each other. Only two adjustments are necessary, so 


tests may be made with great rapidity. 


Operation of the bridge is simple. A standard high voltage 
inserted at C,. The galvanometer is made sensitive 
applied. Rs is set so that a null 
a value of Ry. The 
then set sensitive for power factor and balance 
made with the compensating resistance R,.. This balance is 
made to bring both sides of the bridge in phase. Record Rg 
ind R,. Insert the test sample at C, and rebalance for capacity 
of the test sample with Ry and Ry arms. Power factor balance 
is made with Ry. The values of Rg, Ry and Ry are recorded. 


capacitor is 
for capacity and voltage 
balance on the galvanometer is obtained by 


iivanometer 1s 


Phe equation of balance may be worked out by following the 


principles already presented. If Ro is in series with Cy the 


power factor Is given by the equation, 


Power Factor Cos 6 sin tan-! wRoCo 


here Ry is the inserted series resistance. 


Reo is placed in parallel with ¢ » for power factors greater 
than 209%. The power factor for the parallel connection is 
l 
Power Factor Cos @ sin tan 
wR 9 


here Ry 


is the inserted parallel resistance 


The capacitance of the test sample is obtained from the test 
readings of the standard capacitor and test readings of the 
sample 

The capacitance of the sample in micro microfarads when 
the capacitance of the standard capacitor is in micro micro 
farads is given by 


( (Sample ) 
R, (Sample) & Ry (Standard Cap) 

Cap. of Standard 
R, (Standard ¢ ap) > R. (Sample) 


If Ro is in 
equivalent series capacitance of the sample. If Ro is in parallel 
with Cy the capacitance obtained is the equivalent parallel 
capacitance. This must be taken into account in figuring dielec 


series with Cy the capacitance obtained is the 


tric constants 


The bridge values are as follows: 


Standard Capacitor 15.1 10) farads. 

Ro» 0 to 99,999.99 ohms. 

('» 266 & 10-® farads 

R 0 to 1000 ohms, tapped at 0.2, 0.3, 0.5, 1.0, 10, 50, 


100, 200, 500 and 1000 ohms. 


R, 6 or 60 ohms. 


Che slidewire is graduated from 0 to 1000 by 10’s 
R 99.9 ohms 


( 8 10 farad 





Upon inserting the constants the power factor equat 


duces to 


Ry 
Power Factor Cos 6 sin tan (Series conn. otf 
104 
104 
Power Factor Cos 6 sin tan (Parallel conn. 
Reo 


R 


Tt 


oft 


This bridge is ideal for mass testing of samples, as or 


balance need be made on the standard capacitor if the 
is not changed. Grounded samples may be tested if 
pletely shielded transformer is available. An accuracy 
corresponding to 0.019% power factor, is easily obtaine 


0 


“dd 


a suitable standard capacitor the bridge may be worked 


300 kv. without trouble. 
in the Westinghouse Laboratories for four years. It h 


\ bridge of this type has beet 


is 


‘ 
I 


been out of service except for high voltage standard cap 


repairs. 
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Fig. 5. At left, the Atkinson bridge set up in the laboratory; at right, the inverted Schering bridge manufactured by Westinghouse. 
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Be oe ee 


A Multiple-Speed Standard for 


Calibrating Hand Tachometers 


By H. N. HAYWARD* 


HERE are at least two reasons why a program of fre 

quent periodic testing of speed measuring instruments is 

often not a regular part of plant or laboratory procedure, 
even though the need for such a routine is understood and 
appreciated. Both reasons are fundamentally economic; accu- 
racy and precision must be purchased at a price. The reasons 
are: (1) reliable standardizing equipment is usually expensive, 
and (2) the manipulation is apt to be slow and rather tedious, 
resulting in excessive time charges accruing against the cali 
bration account. Of the two, the second reason is probably of 
the greater importance except, perhaps, in instances where only 
comparatively few speed measuring instruments are in use. 

It should be mentioned that, as far as calibration is con 
cerned, all types®%!%11 of speed measuring instruments may 
be included in either one of two general groups. The first 
group may be classified as the averaging type, which measures 
the average speed over a certain time interval; and the second 
group as the instantaneous type, which gives an indication 
depending only upon the instantaneous speed within the ability 
of the instrument to respond to rapid fluctuations of velocity. 

The calibration of each of 
these two general groups should 
be considered separately. The 
reading of an instrument of the 
instantaneous type may indicate 
a speed variation of an appre- 
ciable amount during the inter 
val of the operating cycle of an 
instrument of the averaging 
type, thus making it impossible 
to check an instrument of either 
type against one of the oppo 
site type unless the speed of 
the test apparatus can be main- 
tained constant within very 
narrow limits for the complete 
duration of each individual comparison. It also is apparent that 
two instruments of the averaging type need not give identical 
readings, although both may be correctly calibrated, if the 
operating cycles of the two instruments are not of the same 
length and the speed varies slightly during a test. It can be 
readily seen, too, that it is necessary to read two instruments 
of the instantaneous type simultaneously if they are to be com- 
pared and a reliable constant speed source is not available. 

Calibration actually involves only the comparison of the indi 
cations of a standard with those of the instrument being tested 
but it is an obvious requirement that both instruments read 
exactly the same quantities. An instrument of the averaging 
type must be calibrated against a standard capable of measur- 
ing the average speed for the operating interval of the test 
instrument. The fact that this period is only of three or six 
seconds duration limits the accuracy of the calibration for all 
instruments classed as speed indicators, in which the counter 
and time mechanisms are combined so readings may be made 
directly in r.p.m. on a single scale. Use of a longer period of 
measurement for the standard instrument will not increase the 
accuracy of the calibration unless a constant speed can be 
maintained for the complete duration of the test period. Like- 
wise, the calibration of an instantaneous type instrument re- 
quires a standard which will give an instantaneous reading to 
be compared with a simultaneous reading of the instrument 
being tested. Only if the speed of the testing device can be 
held rigidly constant, which will result in the average and 
instantaneous speeds being equal, can a single standard instru 
ment be used to calibrate both types of speed measuring 
instruments. 

The inevitable conclusion is: a device for general testing and 
calibrating of speed measuring instruments should be capable 
of operation at an inherently constant speed when the adjust- 
ments required for each test are completed. 


1 Department of Electrical Engineering, University of Illinois, Urbana, 





It is the function of the standard instrument to show at all 
times the actual speed of the testing apparatus Any desired 
speed can be readily obtained and conveniently determined by 
the use of a definitely known constant speed source to operate 
the testing apparatus in connection with a positive ratio drive, 
relegating the variable speed standard instrument to the class 
ification of an unnecessary accessory. 

An accurate and convenient standard of speed is now almost 
universally available. The error is less than 0.5% under normal 
conditions and usually does not exceed 0.25 or 0.38% except at 
infrequent intervals. An additional superiority is that the speed 
is definitely known, eliminating the need for any form of stand 
ard speed measuring instrument. It is an established fact that 
electric clocks are reliable timepieces, which is adequate proof 
that the frequency of a clock-controlled commercial power 
system averages exactly 60 cycles over a period of several 
hours. Under normal operating conditions the frequency at any 
instant does not deviate more than 1, cycle from the average 
value, which is equivalent to an error of 0.42%. A synchronous 
motor, therefore, can be relied upon as a standard of speed 
which is satisfactory for test 
ing all but a few of the pre 
cision types of speed measuring 
instruments, * 4) 45.6.7 

Equipment for testing and 
calibrating speed measuring in 
struments usually consists of a 
speed drive and a 
standard instrument 
to give the theoretically true 
indication to be compared with 


variable 
arranged 


the actual indication of the test 
instrument. The variable speed 
may be provided by: 


(1) a variable speed motor 
designed to operate over the 
required range of speed 
(2) a constant speed motor combined with an _ infinitely, 
Variable ratio mechanical drive 
(3) a constant speed motor combined with a positive drive 
employing change gears and affording a range of peed in 
definitely fixed steps, but with only one speed available at 
a time 


The first two types possess several inherent disadvantages 
It is necessary to “set” the speed for each test point. This is 
difficult to do unless a fine control adjustment is provided 
Careful manipulation is always required. Manual control is 
usually relied upon to secure a constant speed so more or less 
continuous adjustment is a part of the calibration process. An 
important consideration is that readings of both the standard 
and test instruments must be made practically simultaneously 
at each test point. Observational errors may be made in read 
ing either, or both, of the instruments. Because the standard 
must operate over a reasonably large range of speed, the accu 
racy cannot be as good as would be possible with a restricted 
range standard. The third type is free from most of the dis 
advantages associated with the first two types. An important 
advantage is that the greater accuracy possible only with a 
restricted range standard instrument may be realized. A com 
pensating practical disadvantage is the necessity of stopping 
the apparatus to shift or change the gears to give each new 
speed. 

A device utilizing a small synchronous motor as a prime 
mover as well as a standard of speed must include a train of 
gears as the means of obtaining the several required speeds 
Replacing the usual type of gear train (employed to give only 
one of the several speeds at a time) with a fixed gear train 
affording several speeds simultaneously will overcome the most 
serious disadvantage of this type of apparatus. Additional 
change gears can be provided to enlarge the total range beyond 
the limits of each fixed group of speeds. 

A standard speed device designed for checking hand speed 
measuring instruments has been in use for the past year in the 
electrical laboratory of the University of Illinois and has been 
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found satisfactory. A side view of the exterior of the complete 
apparatus is shown in Fig. 1. The arrangement of the interior 
is evident from an inspection of Fig. 2. Eleven speeds are pro- 
vided, from 1000 r.p.m. to 2000 r.p.m. in steps of 100 r.p.m. 
With this device it is possible to complete in a minimum 
amount of time the frequent routine tests in the usual operat- 
ing ranges of the speed measuring instruments used in the 
laboratory. It should be noted that all the driven shafts rotate 
in the same direction. Clockwise rotation is secured on one face 
of the gear box and counterclockwise on the other. With this 
standard speed device it is possible to calibrate two instru- 
ments at the same time without inconvenience; and even four 
small ones, though this would be a mere “stunt.” 

The installation of change gears with a 2 to 1 step-up ratio 
between the motor and the gear box would give the device a 
range from 2000 to 4000 r.p.m. in steps of 200 r.p.m. A 2 to 1 
reduction would provide a range between 500 and 1000 r.p.m. 
in 50 r.p.m. steps. The lowest speed in any range is 50% of 
the highest speed, and each step amounts to 5% of the highest 
speed. Only one type of gear train is described here. 

The actual design used may vary considerably for each par- 
ticular application. The idea of using a fixed-speed prime mover 
and a positive-drive transmission may not be entirely original 
although the many advantages possessed by such an arrange- 
ment are certainly not generally appreciated. 

The motor used to operate this device 
is a standard ¥, h.p., 4 pole, 1800 r.p.m. 





standard speed device it would serve to indicate the a 
speed of the synchronous motor at every instant and ; 
corrections to be applied to the normal speeds on accour 
variations in the supply frequency. In most cases the freg 
changes relatively slowly under normal operating condi 
due to the considerable inertia of the rotating machines 0 
power system. Increased accuracy would result at the ex; 
of slowing down the testing procedure and increasing the 
cost of each calibration. 

A better plan would be to use either a prime mover capable 
of being accurately adjusted over a limited range of speed, or 
a positive drive transmission with a variable ratio to con 
sate for any change in the speed of the prime mover in connec 
tion with a sensitive speed indicator similar to the recorder 
mentioned above to permit convenient adjustment of the 
to exactly the desired value. With proper design, manual con- 
trol of the speed should result in satisfactory operation under : 
most operating conditions in addition to minimizing the initia = ) 
cost of this type of standard apparatus. z 

Automatic speed control would tend to improve the accu: 
as well as facilitate rapid calibration, and could be incorpor 
ated in the design for a reasonable increase in the origina! 
of the device. What constitutes reasonable cost can be the 
ject of a lengthy and involved discussion. At the present tiny 
many of the ordinary routine measurements made in connectior 3 | 
with commercial or experimental test ( 
involve errors much greater than is 
generally appreciated. Precision appa 7 | 





machine of the non-excited synchronous 
type. The gear train and housing were 
designed to be built with the equipment 
available and for the lowest possible 
cost. The essential purpose was to de 
termine if a device of this type would 
give satisfactory service under the par- 
ticular conditions to be met. 

The device has been used satisfactorily 
with three types of hand speed measur 


ratus is expensive and often requires | 
the services of a trained expert for best | 
results. Compared to the usual compli 

cated reference standard designed for 

primary precision work, I believe that 

an automatically controlled speed stand 

ard similar to the one mentioned would 

be reasonable in cost and satisfactori 

accurate for most ordinary industria : 





ing instruments (tilting ring tachome- 
ters. speed indicators, and tachoscopes ) 
of standard commercial manufacture. 
The load resulting from the simultane 
ous operation of several tachometers has not been sufficient to 
cause the synchronous motor to pull out of step. A synchron- 
ous motor is an excellent prime mover for a device of this kind 
because the instantaneous speed varies only during the actual 
time the load is changing. As the load increases the rotor is re- 
tarded slightly compared to its former position relative to the 
magnetic field, but the average speed remains constant for a con- 
stant supply frequency. Sudden changes in the load may cause 
the motor to “hunt” or oscillate above and below the mean speed 
but these oscillations are quickly damped out by the damper 
winding provided to start the motor as well as prevent hunting. 

Hunting of the synchronous motor will have no effect on the 
calibration of instruments of the averaging type because the av- 
erage speed of the motor does not change unless the hunting is 
sufficiently severe to cause the motor to pull out of step. The 
pointer of instantaneous type instruments may vibrate slightly as 
a result of hunting, but the inertia of all the moving parts of the 
instrument will tend to minimize the amplitude of such vibration. 

Rubber friction tips are used to drive the hand instruments in 
many of the usual applications, so this standard was designed for 
friction driving of the tachometers by providing countersinks on 
both ends of each driven shaft. Friction drives are not satisfac 
tory for heavy tachometers or for the lower speed ranges of the 
light hand tachometers because of the relatively large driving 
torques required.® It actually is necessary, however, to calibrate 
any multiple-range instrument on one range only because each 
separate range is obtained by using a suitable fixed ratio drive 
and an appropriate scale constant; and neither of these can 
influence the operating characteristics of the instrument. 

A speed pin screwed into a threaded hole in the center of 
each driven shaft of the standard speed device can be used 
to establish a positive drive® for special work in connection 
with either a driving pin and a slotted collar or a flexible shaft 
for transmitting the rotation to the tachometer. 

It is possible to design a device similar to the one already 
described but capable of a much higher accuracy. There is at 
least one limited-range instantaneous type speed recorder on 
the market with a sensitivity of about 0.02% and an accuracy 
of approximately 0.035%.* If used in connection with the 


*The Westinghouse Type RF Centrifugal Frequency Recorder with a 
range of from 59 to 61 cycles. According to the manufacturer this instru- 
ment has a sensitivity of approximately 1/100 of a cycle (equivalent to 
0.0167%) and is accurate within 1/50 of a cycle (corresponding to 
0.033%). A synchronous motor is used to drive the centrifugal element 
which actually indicates variations in speed. The relationship between 
frequency and speed being rigidly fixed by the synchronous driving 
motor, the instrument can be calibrated as a frequency recorder. 
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and laboratory calibration purposes : 


ADDENDUM—COMMERCIAL 
FREQUENCY CONTROL 

The information I have gathered from some of the references 
listed in the bibliography, as well as from the experiences of 
engineers connected with some of the electrical operating con 
panies, indicates that the frequency variation of a large power 
system will be within the limits specified except during periods 
of abnormal operating conditions. This limited variation may 
not apply to the ordinary operation of many of the systems 
The following paragraph is given as one of the “Fundamenta 
Requirements” listed in Brandt’s paper* “Automatic Frequency 
Control”: 

“The apparatus should be sensitive and fast. It should not 
permit an error of more than 1/30 cycle to go unnoticed ani 
it should not delay more than 10 seconds before making 
move toward correction of the minimum error. Larger errors 
should be attacked more quickly.” 


The very fact that a more accurate standard is planned is 
indication that the frequency control on a commercial power 
system does not provide a standard of speed of sufficient a 
racy or dependability for exacting applications. 
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oat LETTERS TO THE EDITOR 


Sheet enclosed with Mr. Leerburger’s lette: 
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, 
pan thy - Diligent Delver Discovers 
clio = "Disturbing Discrepancy" | mo 
‘tween U S & Europe Absolute System | Engineers’ System 


To the Editor: ial 
; ‘ . ° lb absolute viscosity 

Having been interested in the subject . (area) 
of fluid flow in pipes and through ori- 
fices for several years, I have familiar- 
‘ ized myself to some extent with the = e 
‘al con- Se: writings of European investigators as (foot) 2 (foot) 2 
aera s well as American engineers and manu- 
- initia 4 facturers who are interested in this sub- (pound mass ) (sec. ) (ft.) (pound mass) (second) ft 
; ject. I have been particularly interested — » > 
curacy 3 4 in the matters recently published in your 
corpor ie magazine Instruments which I believe (pound mass) (pound mass) 
ial cost 5S form distinct contributions to engineer- = 
he sub é ing literature. (foot) (second) (foot) (second) 
nt time Ls I am calling your attention to what I 
: believe to be one of the disturbing dis- 
crepancies between the American engi- 
neers and the European investigators 
which I have come across. I believe it Ps — Weight density psn — Weight density 
worthy of your serious consideration and poundals pounds weight 
would appreciate your giving me your a 
views on the matter. 

The use of Reynolds’ number has 
proven to be a useful and critical point Dvp 
in the whole fieid of fluid flow. In recent Reynolds’ number if computed in consistent units 
months many papers have been presented ir 
before the A.S.M.E. and have appeared 
in your own magazine in which Reynolds’ D = feet l 
number is used as one scale in coordi- f ; 
nating plotting of curves. Wherever such v = feet/sec. 
use is made of Reynolds’ number I have ee eRe Ih 
found the following universal description p = mass density = - “ais | = mass density — 
of the factors entering into the compu- . foot3 . 
tation of that number: 
r com R= Reynolds’ number, a dimension- #& = pound mass/foot second 
power less quantity 


eriods ; D =A cross-sectional measure in feet (4 ) ( ft. ) i= —s 
1 ‘FT N\ see. ft. 











~ 
“ 
Stars 


(force) (time) 


RRS plore. ales 


(poundal) (second) (pound weight) (second) 


7 
s 


(foot) 2 i (sec.)* (foot) * sec. ? 





: (pound mass) (pound mass) 
p = mass density = - p mass density 
(foot) 3 (foot ) 


nection 
il tests 
han is 
appa- 
equires 


or best 
(foot) 8 (foot) 8 





‘OmMp i 
ed tor 
e that 
stand 
would 
ctorily 
ustrial D feet 


ses 


5S Sh abet loach ans Souda 


v feet /sec. 


rences ft 


ces of 


Reey nent ean rene ee 


7 lb. mass/ft. see 
1 may v= Velocity, feet per second 


tt lb. mass 
i) 
sec ft 
stems p= Weight density, pounds per cubic R 


foot Ib. mass Ib. mass 


Ao sae 


nental 
uency ; “= Absolute viscosity, pounds per a ae ft 
4 square foot per second i 
d not = All of the authors state that if con- = 1.°. dimensionless 1 .”. dimensionless 
ES sistent units are selected in any other 
| system the Reynolds’ number also will 
a be dimensionless and identical. I should 
: like to point out that the use of absolute 
5 viscosity and weight density are entirely 
IS al + inconsistent and lead to a number which a te | D—ft 
ower a is certainly not dimensionless and is not 
accu 2 in accordance with Osborn Reynolds’ v = ft./sec. | 
description of his criterion. In order to | 
| 


sec. 


d and 


ing Note what happens if u is in lbs./ft.sec. units and p is weight density 


Absolute System | Engineers’ System 


v = ft./sec. 








pounds weight 






make the number dimensionless, it is : : poundals 
essential that if absolute viscosity in Pu weight density ft.3 

pounds per square foot per second is ; 
used, then mass density and not weight pounds mass 
density must be used. It appears that 
American investigators almost universal- foot second foot second 
ly miss this very essential point and 1 


am sending you a hand-written sheet (41 ) ( ft. ) ) (1 ) ( ft. ) [pom =] 
showing results of this inconsistency. ; sec, / ft.3 et sec. ft 


I am taking the liberty of addressing R R 
this letter to you because in using the Ibs. mass Ibs. mass 
data recently published I have gotten rape i Se ane 
into serious difficulties in attempting to eas eo 
compare the results of various investi- poundals lbs. weight 
gators and I believe that it would be . 
a distinct contribution if some authorita- (sec.) (ft.) 
tive word could be published on the = Sage Sess 
matter by idirimonts. ; Ibe. poroal moe. Snes 
Maul St., New York F. J. LEeErBurGER (sec.) (ft.) (sec.) (ft.) 
March 22, 1934 

Referred to Pigott, Buckingham, si pone ft./sec. : a = (ft./sec.) (82.2) 
Bean, Beitler, Conlee, Diederichs, Ibs. mass lbs. mass 
te — * agi = gta Doge this is NOT dimensionless this is NOT dimensionless 
Smith, Sprenkle, Stahl, Swift, Tuve, 
Van der Pyl, Weymouth . . . —Ep. 


Pur— weight density 





ft 






pounds mass 










(sec.) (ft.) 
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Ammeters and Voltmeter; | 


By PERRY A. BORDEN}¢ and M. F. BEHAR** : 


f. ; 
ql 

5 M L L In general, ammeters and voltmeters are practically identical in stru ia 
i 


REVERSIBLE As was pointed out, they may operate on substantially identical prin so 
each being essentially a current measuring device. The basic difference bet —_— 
O T O R S the two usually rests in the proportioning of parts and in the connections =. 
the circuit. The most logical treatment of measurement of current and voltay 1 
then, would seem to be to take up first the connections of these instruments 4 
the circuits in which they are used, and to point out the essential differ 
arising from these connections: This will be done. The discussion wi 
limited to direct-reading ammeters and voltmeters and their combinations 
to balance instruments, which will be treated later. 








1. Ammeters—Ampere-turns 

An ammeter is always connected in series with the line in which the 
rent is to be measured. Therefore, the circuit of the instrument must | 
sufficient carrying capacity to handle this current. In measuring -element: 
wherein the moving part has no-electrical connection with the external 










































































Half a handful —one thousandth of a cuit, as in the induction type and the several moving-iron types, the prob! 
horse-powerl Come to HEADQUAR- is to have the current-carrying coil formed of a conductor with a c 
TERS for shaded-pole motors. Our sectional area large enough to carry safely the measured current, and wit! i 
Engineering Service, based on original a number of turns sufficient to produce a magnetic field adequate for ; 
research and broad experience, can purpose. Thus, in instruments of the repulsion type, the full-scale valu 
help you. Tell us your needs. an ammeter may be made a few milliamperes or it may be made several hun i 
dred amperes, merely by providing a coil to give the ,requisite ampere-turns | 
BARB ER = COLMAN with the measured current. An instrument giving a full scale deflection wit! 4 
COMPANY 300 ampere-turns in the measuring coil may be built with a coil having a ;4 
single complete turn which will give a full scale of 300 amperes, or with tw 
ROCKFORD, ILLINOIS turns for a scale of 150 amperes, or with three turns for 100 amperes, etc., . 
the product of turns and full-scale amperes remaining at the value of 3 : 
till with a relatively large number of turns the instrument may be give: j 
FS A RR ARN RET scale of a few milliamperes. The limit lies in the increase in the impedance ot ! 
the coil as the number of turns is increased and the wire corresponding); | 
LOW READING reduced in size to make room in the allotted space; and in ammeters for small & 
. currents the impedance of the instrument may become a serious factor in t! ; 
W attmeters measurement. . 
for use on 
Low Power Factor Circuits | 
te. 
d 
a 
4 \ 
Fig. 33-1 : i 
2. Shunts and Leads 7 





In the use as ammeters of instruments in which the measured current 01 
definite part of it must be carried into a moving circuit, there arises a pro! 
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Dynamometer Milliainmeters and Volt- 














for AC e DC, Fluxmeters —- oe due to the impracticability of leading currents of appreciable magnitude int 
tor 3 « , ri eters, Lie st: ; ‘ ate pri 
Voltmeters from full scale 120 volts to the delicately constructed moving part. The usual limit is a few milliamperes 
on oes hae al ahicaicee mai for most indicating ammeters. The solution is analogous to that of measuring 
ermocouples, Earth urre Meters, P = . . e oa 
Cable Testers, ete the flow of water in an aqueduct by placing a small water meter in a by pass 
Rawson sactere ure the only once Davite where the flow is always proportional. If a current to be measured is slight! , 
two pivot movements whose weight 15 ‘ 3 : 7 ts 
lifted from jewel when clamped for tran- beyond the range of a certain ammeter it is apparent that if two amn 
Se ——" Gees net sncemt- of identical impedance values are connected in parallel with each othe: 
RAWSON “Fifth chapter (XXXIII) of Part Seven (Handbook of Industrial Electrical Measureme! 
f ~ a N Control) of Béhar’s Manual of Instrumentation. See editorial announcement of this ser 
ELECTRICAL INSTRUMENT CO. page A7 of November 1933 Instruments. A complete chapter of this new handbook will | 
Cambridge, Mass. lished in each issue of Instruments throughout 1934 and 1935. Each —, is subject : 
: i , A a final revision, and then set in type, shortly before its appearance in this serial form, in orcert =. 
ee te ere sand on pA Gy assure that the subject matter is thoroughly up-to-date. This new book is not published seria'ly '" a 
Daly News Bidg. Chicago ll any other periodical. Entire contents copyright. To be issued in book form on or about Tan ¢ te 
: ‘ tMember A.I.E.E. **Editor, Instruments 
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nt will divide equally between the two, and each will read half the total 
nt in the line. Similarly, if any number of ammeters of equal impedance 
be connected in parallel with one another, the current will divide equally 

ng the several instruments, and the reading of one multiplied by the 

‘ber of ammeters will represent the true value of the current. Since, how 
ver, but one of the instruments needs to be read, it is only necessary to use 

measuring element, placing in parallel with it an impedance having a 
value equivalent to that of another element or group of elements in parallel, 
when the reading of the single ammeter multiplied by the proper constant 
will be a true indication of the total current in the line. These steps are all 
shown in Fig. 33-1. 

The impedance unit which is placed in parallel with a movement for in 
creasing its range is known as a shunt. While the use of a shunt of proper 
impedance value will give accurate results with an alternating-current am 
meter, technical considerations make the use of shunts in a.-c. measurement 
generally inadvisable; and their use is confined almost entirely to combina 
tions with movements of the permanent-magnet moving-coil type which are 


c 


Lit 


d..c. movements, as was already pointed out. Mechanically, a shunt usually 


oe eee > 








LINE LOAD 
Fig. 33-2. Exhibit of large Sangamo shunts including Fig. 33-3. Diagram of an ammeter with in- 


one for 20,000 amp. Compare size with meter on wall. ternal resistance and external shunt. 


consists of a compactly constructed resistor of relatively low ohmic value, 
having the actual resistance unit made up of one or more strips of manganin 
or similar metal, with massive terminals of copper. Suitably heavy connection 
means for line current are provided, and separate binding screws for the 
ammeter leads are located where there will be the least error due to uneven 
current distribution in the terminal blocks. Fig. 33-2 shows commercial ex- 
amples. 

It is not the usual practice to connect the shunt directly across the moving 
coil of an instrument. A certain fixed resistance is generally placed in series 
with the movement, making of the instrument proper a millivoltmeter, and 
the combination connected across the shunt. This makes for permanency of 
calibration and tends to reduce temperature errors in the instrument. A low: 
range direct-current ammeter usually has its shunt enclosed in the case with 
the movement; but in high ratings, both switchboard and portable, the shunt 
is generally a separate unit, connected to the instrument proper by flexible 
leads. We must say that with regard to self-contained ammeters, different 
manufacturers have different notions of “low” and “high” ranges. 

It formerly was the custom, where instruments were used with separate 
shunts, to adjust the instrument and shunt together without regard to inter 
changeability; but present practice is to adjust all instruments of a type to 
give full scale deflection with the same potential drop in millivolts at the 
terminals. Similarly, the shunts for these instruments are all standardized to 
give the same potential drop for full current, thus making interchangeable 
all shunts and all instruments of one type. The most common standard values 
tor full-scale millivolt drop are 50, 100 and 200 millivolts. 

When the shunt is separate from the instrument the leads are considered 
a part of the instrument proper: and they should never be cut or otherwise 
aitered, without recalibrating the instrument. Breakage of a single strand in a 


hunt lead may introduce errors in the reading of the instrument; breakage of 











Metering, Controlling and Regulating 
Equipment 


—METERS— 


BOILER METERS for recording 
combustion conditions and guiding 
boiler operators. 


RATIO METERS for measuring fuel 
and air to furnaces to guide combustion. 


FLOW METERS for indicating, re- 
cording and in- “__—— rae 
tegrating the flow 
of steam, water, 
sewage, air, gas 
and other fluids. 





RECORDERS for 
temperature, 
pressure, draft, 
speed and other 
factors. 





Fluid Meter 


—CONTROLS— 


COMBUSTION control to main- 

12222265 tain steam pres- 
sure and com- 
bustion economy. 








SYSTEMS to 
regulate pump 
speed, reheat 
temperature, de- 
superheat and 
other factors. 


CONTROLLERS for 
rate of flow,pres- 
sure, temperature 
and other factors. 





Control Panel 


—REGULATORS— 


FEED WATER regula- 
tors for feed water 
to steam boilers. 





PRESSURE regula- 
tors for heating and 
process services. 


DRAFT regulators 
to maintain the de- 
sired draft in fur- 
naces, kilns and 
small steam boilers. 
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several strands certainly will. Shunt leads should therefore always be tr 
with great care, not cut or strained or laid on the floor to be walked 
Shunt leads are most likely to develop defects at the point of attachme: 
the flexible cord to the metal terminal and the worst thing about these f 
is that they are difficult to detect. In Fig. 33-4 is shown Borden’s meth 
attaching terminals to leads, which has been found effective in elimin 
breakage of strands at this point. The insulation is first carefully cleaned 
the wire, so that when soldered there will be a negligible length of ex; 
conductor. Before soldering the joint a piece of varnished cambric tubi: 




















Fig. 33-4 


somewhat larger than the outside of lead 9, is slipped over it. Soldered }: 
is then made, and any gap which may exist between the metal of terminal 
1 and the insulation of lead 9 is filled up with thread shellacked into | 
If any material difference exists between the diameter of the lug shank 
that of the lead, the smaller is built up with a thin serving of silk 


cemented or shellacked on. A piece of varnished cambric tube, 6, having 
inside diameter the same as that of the joint, is then split lengthwise, slip; 


over the joint and served with one or more layers of silk or thin cotton ta; 
until a diameter is built up to fit the inside of outer varnished cambric tu 
8. This serving should be secured with a few stitches of thread and thorou 
soaked with shellac or a flexible cement, after which large tube 8 is forced 
place as close as practicable to the lug. There is thus provided a joint betu 
the flexible cord and the solid metal of the lug, which, while allowing rea 
able bending, tends to prevent concentration of the bend at one point 


thus eliminates the risk of breaking conductor strands by repeated flexi: 


At the same time there is no brittle insulating material to be crushed if 
dentally stepped on. 
A tricky source of error in shunted instruments lies in loose conn 


between terminal blocks and shunt leaves. Such faults, too, are very diffi 
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Fig. 33-5. Bad con- 









nection in shunt leaf 
(exaggerated) . 
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Fig. 33-6. Internal 
diagram of shunted elec 
trodynamic ammeter. FC 
—field coils; MC—mov 
ing coll; R—resistance 
1S—inductive shunt. 























to detect by inspection, and generally can be found only by actual elect 
tests. Fig. 33-5 illustrates this type of fault. Leaf B is shown as having 
veloped a bad connection with block M at point b. If this amounts t 
actual open circuit, the total resistance of the shunt between blocks M ai 

will be increased. If, for example, the number of leaves is 9, the tota 
sistance will be 9/8 of the correct value, and the ammeter will read | 

12'4%, high. A test for this condition may easily be performed by dis 
necting one of the shunt leads and determining the relative potential dro; 
individual leaves while a steady current is passing. With the shunt in 5 
condition the full drop across the shunt should be found by applying tes‘ 
on any individual leaf. With an open circuit, as at b, this point on the 
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e at substantially the same potential as block N, and practically the full 
t drop will be registered between B and block M. 

The abnormal potential drop introduced by a fault of this nature may make 

its appearance suddenly in an old shunt, and may be productive of mystifying 


and erratic effects. One of the writers, engaged on a test in a rather old 


direct-current station, found no fewer than seven out of twelve main feeder 
shunts (all of reputable makes) to have errors of this nature, the associated 


ammeter in one instance reading 35% high! 

In making permanent installations of shunts on switchboards it is necessary 
that certain precautions be observed. The cables or buses to be connected to 
the shunts should be positioned in such a manner that the shunts are not ex- 
posed to mechanical strains. Wherever possible, the shunts should be placed 
horizontally with the leaves on edge, so that free circulation of air will be 
possible. With vertically disposed shunts the top terminal block is likely to 
hecome warmer than the other, with consequent possibilities of error due to 
thermoelectric effects. Such errors were sometimes serious in the old days, but 
today the use of manganin (which has a negligible thermoelectric coefficient 
against copper) has minimized them. In any event it is easy to ascertain 
whether a hot shunt is a source of thermoelectric error: cut off the current 
passing through the hot shunt and observe whether the instrument pointer 
returns to zero immediately or whether it (1) hovers above zero or (2) over- 
shoots and hovers below zero, gradually coming to zero as the shunt cools. 
(Of course, this assumes absence of zero shift in the movement. The simple 
test for zero is to disconnect one of the shunt leads.) 


3. Shunted A.-c. Ammeters 

In ammeters of the electrodynamic type we find practically the sole instance 
where the practice of shunting for alternating-current measurements is carried 
out. Here the whole current is allowed to flow through the stationary coils, 
and a shunt is provided across the terminals of the moving coil. In order that 
the relative current distribution between the shunt and the moving coil shall 
be independent of frequency, the shunt is made with an inductance, so that 
the characteristic phase-angle of the shunt will be the same as that of the coil. 
Fig. 33-6 shows the internal connection system of such an instrument 


4. Voltmeters 

In the use of an instrument movement as a voltmeter, it is common practice 
to limit the current in the measuring circuit by means of a relatively high 
resistance connected in series with the circuit, the whole being connected 
across the measured line. The current flowing through the movement will be 
governed by the resistance of the whole circuit so that, by adjusting the re- 
sistance to the proper value, the instrument may be given any desired range. 
In switchboard and portable indicating instruments with ranges up to about 
750 volts it is common to include the resistor within the case. 

For higher ranges the resistor, when used, is usually external to the instru 
ment. A voltmeter whose scale is already complete for a given range may often 
have its range extended by use of a series resistor, known as a multiplier. It is 
usual, where a multiplier is employed, that the readings on one of the scales 
of the instrument (generally the highest) be multiplied by a constant quantity 
in order to obtain the true voltage value. Since the resistance of a voltmeter is 
generally very high relatively to its reactance, the phase-angle of a.-c. instru’ 
ments (excepting of the induction type) is usually negligible, and the property 
of inductance may generally be neglected in calculations involving series re- 
sistors. A typical resistance value for d.-c. voltmeters may be taken as 1,000 
ohms per volt, and for a.-c. voltmeters 100 ohms per volt. 


5. Multi-purpose Instruments 

With interchangeable shunts a single ammeter may of course be used for 
measurement of a wide range of currents, the scale either being calibrated 
and marked with several sets of numerals, or the readings being multiplied 
by suitable constants. Ammeters with self-contained shunts are built to have 
two or more ranges, the change from one range to another usually being 
accomplished by making use of different terminals, or sometimes by range- 
changing switches. Similarly voltmeters, particularly of the portable type, are 
trequently furnished with one or more tapped points on the self-contained 
series resistor, brought out to corresponding terminals and the several ranges 
marked on the scale (see Fig. 33-9). Cambridge supplies a d.-c. voltmeter com- 
prising a high-sensitivity d’Arsonval “Unipivot” movement having a universal 
shunt, connected in a circuit having a total resistance of 40,000 ohms. Range 
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THE THWING 
Treasure Chest 





DIFFERENT! 

\ direct reading potentiometer and 
a complete pyrometer and thermo 
couple testing and calibrating set 
combined in one instrument—The 
Thwing ‘Treasure Chest. 

Compact and self contained with: 
Klectrocrit-Testing Circuit 
Standard Cell 
satteries 
External Lead Resistance Circuit 
Self-Checking Feature 


Ask for Bulletin 16-1 ase 


Thwing Instrument Company 
3323 Lancaster Avenue, Philadelphia, U.S.A. 
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adjustments are made by a switch on the shunt, the total resistance 

instrument remaining the same at all settings. This unusual constant-resi ; , 
feature makes the instrument particularly suitable for inspectors’ test j 
electrolysis surveys. 






































6. Volt-ammeters ‘ 
Since the measuring element of a voltmeter is substantially identical a. 4 
that of an ammeter, it is practicable to provide a single movement wit] 
shunts and series resistors, and the resulting instrument is not only suit: m 
- 4 , ‘ 4 
use as a voltmeter or as an ammeter, but several ranges of each may b ' 
vided. See Fig. 33-10. In making a single movement a compromise bet 
that best suited for an ammeter and for a voltmeter, a certain degree « 
—TO LINE +] 
{ 
nn RESISTOR 
bo ond | 
a 
pine rdle | 
sa ‘ ae | 
O1t . | 
a : RESISTORS 
Go) (50 _" P 
Fig. 33-9. Internal dia- Fig. 33-10. Internal diagram of the Weston i 
gram of a multiple-range **Model 280’’ portable d.c. volt-ammeter. 
voltmeter. 
- - C 
curacy and efficiency is necessarily sacrificed; but instruments where extren , 4 
flexibility and portability rather than precision of measurement and the need 0 
of observing several magnitudes simultaneously, are the dominating considera te 
tions, have a wide application. In general it may be said that the greater th i 
number of ranges to such an instrument, the greater the possibility of accident v 
in its use; and that when the movement is once burned out or subjected t s] 
mechanical damage, not only one instrument but the whole group represented St 
is disabled. Wherever possible combination volt-ammeters should be avoided SI 
and separate instruments provided for measuring the several magnitudes n 
Care should be taken to distinguish among four instrument definitions whic! 0 
are sometimes confused: fF tl 
Voltameter (Coulometer): An electrolytic cell arranged for the measurement of 0 
quantity of electricity by the chemica! action produced. (A.I.E.E. Standard Defi 5 
Volt-ampere meter: An instrument for measuring the volt-amperes in an alter 
current circuit.* 
Voltmeter-ammeter: An instrument combining a voltmeter and an ammeter mov t 8 
electrically separate but in a single case.* ee 
Volt-ammeter: A multiple purpose instrument in which both volts and amperes 1 Bd 
be alternatively measured by a single movement according to the method of connect po C 
to the circuit.* BY h 
Not officially accepted definitions, but generally considered as good usage nN 
ee. 
7. Connecting Ammeters and Voltmeters | n 
It is obvious that in connecting ammeters and voltmeters to a circuit t 
ammeter is placed in series with the line in which current is to be meas e 
while the voltmeter is connected across the circuit. If the ammeter is int l 
for use with a shunt, it is of course essential that the shunt be placed di I 
in series with the line. The ammeter with its leads may then be left in «1 r 
or removed as desired, without disturbing the continuity of the circuit. I: 
use of a voltmeter care must be exercised that any external resistor int ¢ 
for use with the instrument be placed in series with it before the instri I 
is connected to the line. When such an instrument is disconnected fror f 
line, even temporarily, it is desirable that the resistor or multiplier al ¢ 
removed from the circuit. I 
Where current or voltage transformers are used with ammeters or | 


meters, each transformer with the associated secondary leads and the 
ment supplied therefrom may be treated as an individual instrument 
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ected in circuit accordingly, the current transformers in series with, and 
voltage transformers across, the circuit under test. Typical connections are 
hown in Figs. 33-11 and 33-12. The standard secondary current value for 
-yrrent transformer is usually 5 amperes, and the secondary voltage value 
for a voltage transformer may be 100, 110 or 115 volts, the latter value agree- 
ing with the most recently adopted standards. When the indication obtained 
‘th a certain combination of instrument transformer and instrument is low 
n the scale, it is not good practice to use an instrument of a lower range, 
particularly in the case of current measurement. It is better to select trans- 
formers having a rating suited to the range of magnitudes to be measured. 
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Fig. 33-12 
Fig. 33-11 A 





Mutual Effects 

When an ammeter and a voltmeter are simultaneously connected to the 
circuit it is to be remembered that each instrument may to a slight degree 
affect the reading of the other. If the voltmeter is tapped on the “line” side 
of the ammeter it will read a voltage higher than that applied to the load, due 
to the drop in the circuit of the ammeter. On the other hand, if the voltmeter 
is connected on the “load” side of the ammeter, the current which it draws 
will be included in the reading of the latter, tending to give an indication 
slightly higher than the true value. With direct-current instruments the errors 
so introduced are generally small and need be considered only where very 
small amounts of power are involved or where precision is required. In alter- 
nating-current measurements greater attention must be paid to these sources 
of error, because the power consumptions of the instruments are much larger 
than those of d’Arsonval movements, and the currents drawn by the instru- 
ments may not be in phase with the load current. These sources of error are 
more fully discussed in a subsequent chapter. 


8. Springs 

Since the whole control force in most of the indicating instruments here 
considered is furnished by the spring or springs, it is obvious that these must 
be chosen and designed to have great permanency of characteristics. Not only 
must they retain for years their calibration elasticity under all service condi- 
tions, but possible effects of temperature are aggravated in those types of move- 
ments wherein the springs are called upon not only to furnish the control 
torque but to carry current to moving parts. Fortunately the passage of an 
electric current through the metal of a spring has no appreciable direct effect 
upon its elastic characteristics. In general high elasticity does not accompany 
high conductivity (witness the ductility of pure silver) so that appreciable 
resistance, with consequent temperature rise upon passage of a current, is 
likely to be encountered; and a careful compromise between elasticity and 
conductivity is the task of the designer. In instruments of the permanent- 
magnet type, where relatively little power is carried into the moving coil, the 
problem is not so great as in electrodynamic movements, where an appreciable 
current must be transmitted. In voltmeters, where a rather high resistance is 
not only permissible but desirable, the problem is not serious; but in ammeter 
(millivoltmeter) design these points must be given careful consideration. In 
some of the heavier types of movements, and particularly in direct-recording 
instruments, it frequently is found desirable to confine the function of the 


MANUFACTURERS’ 
NEW LITERATURE 


In this department we each month list 
the printed matter issued by manufacturers. 
Unless otherwise noted, any of the items 
listed may be secured free upon applica- 
tion to the issuing firm. Manufacturers who 
have not yet sent in their printed matter 
are invited to do so. 








B139 Glass Electrode for pH Meas- 
urements, Leaflet I-160, 4 pages. De- 
Scription of glass electrode. Leeds & 
Northrup Co., 4901 Stenton Ave., Phila 
delphia, Pa 

B140 Amateur Microscope. Two leaf 
lets I-36 and I-39 illustrate the new 
Gem microscope. Bausch & Lomb Opti- 
cal Co., Rochester, N. Y 

Bl41 Chromalox Electric Heating 
Units. Bulletin CA-106 briefly describes 
the following types strip heaters, 
space heaters, ring units, immersion 
heaters and finstrip. Edwin L. Wiegand 
Co., Pittsburgh, Pa 

B142 Gummed Tape Tester. Four pag: 
leaflet describes the improved McLaurin 
Summed tape tester for determining 
the adhesive quality of glue when ap 
plied to tapes. Thwing Instrument Co 
3339 Lancaster Ave Philadelphia, Pa 

B143 Paper Hygroscope,. Sales Bulle 


tin No. 1 describes a sword hygroscope 
for determining moisture content. of 
paper in the pile. Lithographic Techni 
cal Foundation, Ine., 220 EK find St 
New York, i i 

B144 Tachometer. Small leaflet give 
data on new six range hand tachome 
ter Foxboro Co., Foxboro, Mas 

B145 Self-Acting Temperature Regu- 
lator. Catalog 36R gives the details of 
regulator as well as data on acces 
sories. Taylor Instrument Cos., Roches 
ter, N. Y 

B146 Grits and Grinds. The Jan.-Feb 
issue contains articles on safety stair 


treads, abrasive papers and cloth, and 
polishing and buffing. Norton Co., Wor 
cester, Mass 

B1l47 Tuckerman Optical Strain Gage. 
Bulletin describes the gage for precise 
measurement of tension and compres 


sion strains in hot and cold metal 
specimens, brick, concrete, ete Ameri 
can Instrument Co., Ine., 774 Girard 


St., Washington, D. C 

B148 Chromalox Electric Air Heaters. 
sulletin C-108 illustrates various mod 
els for heating hard to heat places 
Edwin lL. Wiegand Co., Pittsburgh, Pa 

L149 Fulscope Recording Regulators. 
An 8-page descriptive bulletin shows 
the details of this new regulator with 
the “Universal Sensitivity Adjuster 
The bulletin contains an illustration of 
the 64 regulators on the temperature 
control panel board of the National 
Broadcasting Company Studios in the 
L.C.A. Bldg. Taylor Instrument Cos., 
Rochester, N ; 

B150 Turbidimeter, Leaflet describes 
the Wagner turbidimeter for ‘measur 
ing the fineness of sub-sieve sizes of 
cement and other finely divided mater! 
als. E. E. W. Bowen, Bethesda, Md 

L151 Pyrometer Checking Set. Bull 
tin 16-1 illustrates the Treasure Chest, 
a portable, checking potentiometer for 
checking all types and makes of py 
rometers. Thwing Instrument Co., 3339 
Lancaster Ave., Philadelphia, Pa 

B152 Manometer. Leaflet illustrates 
the Jensen U-tube manometer. Jensen 
Instrument Co., 624 East 4th St., Los 
Angeles, Calif 

B153 Radiation Pyrometers, Bulletin 

is a revision of the earlier bulletin 
and shows the water jacketed type re 
ceiving tube. Thwing Instrument Co, 
3339 Lancaster Ave., Philadelphia, Pa 

B154 Chromalox Electric Unit Heat- 
ers. Bulletin C-118 illustrates the blower 
type unit heaters for auxiliary heating 
Edwin L. Wiegand Co., Pittsburgh, Pa 

B155 Flew and Liquid Level Regu- 
lators. 8-page attractively printed bul 
letin contains details on regulators and 
recorders for flow and liquid level 
Taylor Instrument Cos., Rochester, N. ¥ 

B156 Recording Densitometer. Bulle 
tin 571 describes the Weigle Recording 
Densitometer built by Société Genevoise 
d’Instruments de Physique and sold in 
the U.S.A. by R. Y. Ferner Co., Invest- 
ment Bldg., Washington, D. © 
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Bi57 Electrical Time Delay Relay. 
Bulletin N-1 discusses the operation 
and specifications of the Agastat 
American Gas Accumulator Co., Eliza- 
beth, N. J 

158 Step-Voltage Regulators. 8-page 
bulletin illustrates and describes the 
type U-R regulators. Westinghouse 
Electric & Manufacturing Co., East 
Pittsburgh, Pa. 

B159 Predetermined Electric Coun- 
ters. Bulletin lists 10 models of selec- 
tive predetermined electric counters 
with pilot or control circuits, preselec 
tive switches, automatic resets and 
signal circuits for accurate production 
counting and control. Production In- 
strument Co., 1315 South Wabash Ave., 
Chicago, Ill 

B160 Chromalox Electric Cartridge 
Units. 3ulletin C-113 shows various 
type cartridge units with construction 
details. Edwin L. Wiegand Co., Pitts 
burgh, Pa 

B161 Dubli-Response Regulator, Cata- 
logue 37K lists the advantages of this 
type regulator. Taylor Instrument Cos., 
tochester, N. Y. 

B162 Capacitors. Catalogue GEA-77F 
gives complete and detailed informa- 
tion on pyranol-treated capacitors, 28 
pages. General Electric Company, Sche- 
nectady, N. Y. 

B163 Sperry Detector. This issue of 
the Sperry house organ gives charts 
and graphs of rail testing during past 
4 years. Sperry Gyroscope Company, 
Sperry Bldg., Brooklyn, N. Y. 

B164 Lathes. Catalogue 94 is a 
page book showing the 1934 models of 
South Bend lathes and attachments 
South jend Lathe Works, 425 East 
Madison St., South Bend, Ind. 

B165 Small Electric Furnaces, Leaflet 
briefly describes furnaces built with a 
new heating element “Doreco.”’ Cooley 
Electric Furnace Company, 433 North 
Capitol Ave., Indianapolis, Ind. 

B166 Industrial Dial Scales, Con- 
densed Catalog No. 7 shows the Kron 
construction as well as photographs of 
the various models and below each il 
lustration the data as to size, beam 
capacity, ete. Kron Company, Bridge- 
port, Conn 

B167 Binoculars. Beautifully printed 
40-page booklet which is really a man- 
ual of information about binoculars. It 
contains information on the various 
R&L binoculars. Bausch & Lomb Opti- 
cal Company, Rochester, N. Y. 

RBi68 Rheostats. Catalog 1370 is a 
12-page bulletin and gives detailed data 
on the various “Jagabi"”’ rheostats, re- 
sistance units, non-inductive rheostats, 
how to select a rheostat, etc. James G. 
Biddle Co., 1211 Arch St., Philadelphia, 


79 
‘ 


Pa 

B169 Humidistat. Bulletin No. A, 4 
pages, illustrates the Friez humidistat, 
an automatic humidity control for air 
conditioning. Julien P. Friez & Sons, 
Inc., Baltimore, Md. 

B170 Precision Bore Tubing. Leaflet 
4548E gives data on precision bore tub- 
ing manufactured by the Jena Glass 
Works, Schott & Gen. Exclusive U. A. 
agents Fish-Schurman Corp., 230 East 
45th St., New York, N. Y. 

B171 Meter Accessories, Form 429 
lists graphic meter ink, cable clamps, 
meter carrying cases, meter shipping 
cases, chart inspectors, current trans- 
formers, connectors and pen filler. 
Esterline-Angus Co., Indianapolis, Ind 
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control spring solely to furnishing counter-torque, and to carry the 


into the movement by small high-conductivity spiral filaments (usua 
silver) exerting a negligible mechanical turning moment on the 1 


element. 


The most common material for instrument springs is phosphor | 
though were it not for the magnetic characteristic there would be 
applications where steel would be preferable. The winding and temper: 
instrument springs is a highly specialized class of work; and new meth 


carrying this out are continually being devised. The best instrument 


yet available leave much to be desired; and it is hoped that there will 
developed a non-magnetic alloy wherein the desired characteristics of elast 
permanency and conductivity will be combined to a higher degree t! 


present. 


In the handling of instrument springs the greatest care must be exe: 
A relatively small heat effect may alter the elastic properties, making sold 
undesirable; and slight corrosion, either from soldering flux, or even 
handling with bare fingers, may affect the outside fibres of the metal. v 
of course, are exposed to the greater stresses in operation. Some makers ther: 
fore gold-plate their springs, but it is said by some authorities that the 
requisite Operations cannot be performed without abuse. Prolonged extreme 
deflection tends to be followed by creep observable as a temporary zero shift 
Kinking (and for that matter all localized stresses) produces errors appearit 
as exaggerated creep and corresponding zero shift. When adjacent turns 
the coil touch or hook on to each other, the result is a calibration curve differ 
ing widely on increasing values and decreasing values. For up-to-date detailed 
information on instrument springs the reader will do well to consult Carson's 


recent and forthcoming papers.* 


*R. W. Carson, “Better Instrument Springs.” Electric 


182.286. 


writing. ] 


al Engineering, Vol. 53, Feb 


R. W. Carson. ‘‘Hooke’s Law Amended” and “Bibliography on Instrument Springs 


reprinted in one pamphlet) Instruments Publishing Co., New York, 1934. [Not yet issue 








“The hell 


with itl” 








fiw 
ee 


Copyright, 1934, LIFE Maga 
Reprinted by permission. 







Cie gciantie sai 








sua 
> Moving 
t bronze. 
be ! 
per! ( 
thy 
C spring 
ill yet be 
elasticit 
tha at 
>xercised 
soldering 


en trom 
|, which, 
rs there. 
that the 
extreme 
ro shift 
ppearing 
turns of 
re differ 
detailed 
Carson's 





| 


B 
e 


ONES Sa aisics 


of 


iB? 











Sve Si Neale 


vite 








NEW 
INSTRUMENTS 


Write Information Section, Instruments Publishing 
Company, for additional information. 





_- 


New Type of Self-operating 
Temperature Controller 
Emil T. Johnson Regulator Co. 


N outward appearance this new tem- 

perature controller for steam-heated 

applications resembles conventional 
type “self-ops” but it differs from these 
sufficiently to constitute a new type. The 
conventional type as usually built re- 
quires > 10°F. drop at bulb to move valve 
disk from wide-open to closed against 
steam pressure; this new type, it is said, 
only requires <1°F. and “special regu- 
lators have been made that operate on 
<4°F, variation.” It is furthermore 
claimed that whereas in the conventional 
type the power to operate the throttle is 
entirely derived from the bulb, this new 
type requires <1% of such power from 
the bulb, the other 99+ % being “ob- 
tained from the heat energy of the steam 
in the valve body.” It is said that this 
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characteristic, together with packless and 
100% balanced” valve construction, 


makes this new regulator “unbelievably 
sensitive.” The new principle employed 
is the transfer of a small portion of vola- 
tile liquid from a “colder” to a “warmer” 
space (or vice versa) in the valve end of 
the system. 

Construction. Valve body is made of 
bronze; other parts of brass or other 
hon-corroding materials. Valve disk 37 
and seat ring 86 including central guide 
stem 62 are made of Monel Metal and 
NT 4 alloy. The balancing means include 
two flexible metal bellows, 43 and 57, of 


same effective area, equal to or larger 
than opening in seat ring 36. With valve 
open or closed, pressure inside valve 
body against movable wall 42 is balanced 
by pressure against effective area of 
wall 70 on casing 39, the inside of which 
is exposed to atmosphere through hole 
in guide stem 62. Valve disk 37 being 
perforated to allow steam to circulate 
freely inside bellows 57 and against sta 
tionary wall 58, no additional unbalanced 
area is exposed to steam pressure when 
valve is open. Valve disk is free to float 
laterally and is guided by guide stem 
62. “This makes an almost frictionless 
construction with a _ perfect seating.” 
Bellows 43 and casing 45 form a vapor- 
izing chamber connected to bulb 5 
through capillary tubing 3. Bulb 5 and 
tubing 3 are normally filled with a suit- 
able liquid while at the same time a par- 
tial vacuum exists in chamber 46. 

Operation: A variation of 1°F. will 
move the liquid inside the capillary 
tubing >14”, so that a slight varia 
tion in temperature of bulb 5 will 
move the liquid from the relative cool 
part on one side of flange 52, to the 
vaporizing temperature inside chamber 
46 where it will flash into vapor and 
expand >500 times and close the valve. 
The action, whether on the opening 
or closing stroke, is instantaneous. As 
an excess of liquid in chamber 46 will 
do no harm, this regulator “will stand 
>100° overload without injury.” Valve 
is held open by atmospheric pressure 
working against wall 70 and also by 
spring tension in double ply bellows 43 
and 57. The loss in efficiency due to the 
work of compressing these bellows is 
said to be reduced to nothing by the ac- 
tion of bell crank lever 71. This lever is 
so arranged that the pressure against 
pin 72 and movable wall 70, due to its 
weight and lever ratio, is at its maximum 
when the valve is open and consequently 
the spring tensions of both bellows are 
at minimum. When valve is closed and 
tensions in both bellows are at maximum, 
weights 73 on bell crank lever 71 have 
swung up to a vertical position, reduc- 
ing the lever ratio to such an extent that 
“it fully compensates for the increase in 
spring tension of the bellows.” 

Adjustments, This regulator has a 
range of 40°F. and is set for the desired 
temperature by loosening locknut 20 and 
turning adjusting nut 18. Turning nut 
18 changes the volume of the thermostat 
end by moving a plunger which is sealed 
to bulb 5 by means of a flexible brass 
bellows. One-sixth of a revolution of ad 
justing nut 18 will open or close the 
steam valve. It is said that the regulator 
can be adjusted “over its complete range 
in 10 seconds by turning said nut by 
hand.” 

Special Piston Type: When large valves 
and high pressure are required, and when 
chamber 46 is not used as a vaporizing 
chamber, which makes a_ hermetically 
sealed system essential, pistons may be 
used instead of bellows 43 and 57. In 
such a construction, the lower piston has 
a floating connection with guide stem 
62, to allow valve disk to seat properly. 





Thickness Recorder 
Thwing Instrument Co. 


HOUGH designed especially for the 
paper industry as a beater roll re- 
corder, this new instrument is re- 
ported to function so reliably that it 
should find applications in other indus- 
tries. It simply consists of an auto- 














connected to 12” recording 
voltmeter @ by 3-conductor cable 2; and 
of iron plate B (bolted to lighter bar 4 
or to whatever part is to have its vertical 


transformer ¢ 


movements recorded). D is the trans 
former support and F is the connection 
to 110-volt a.e. supply Ope ration Move 


ments of 4 are translated into variations 
of magnetic flux, hence into variations of 
voltage. Sensitivity is such that 0.00025” 
displacements are recorded. Variations 
in a.-c. line voltage cause no errors 





Thermostatic Expansion 


Valve 
Detroit Lubricator Co. 
OR domestic refrigerators and othe: 


factory-assembled products, the new 
“No. 674” is the well-known “No 


673” modified into a single-purpose valve 
having only one spring 
taining constant 


Instead of main 
pressure it 
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evaporator completely refrigerated. Pre 
sure then varies with the temperature of 
the evaporator exactly as with a flooded 
type evaporator. Principle Fig. 1): 
Bellows B responds to temperature in 
bulb P and expansion 
bellows G which responds to low 
pressure and tends to close valve on in 
creasing pressure. Reaction of two bel 
lows thus causes valve to operate on 
differential so that, for example, when 
bulb is clamped to suction line the valve 
controls the superheat at that point (see 
characteristic curve, Fig. 2) over a wide 
range of pressures. The pull down char 
acteristic, due to gas-filled bulb P, is 
graphed in Fig. 3 (heavy line) as com 
pared with that of the liquid charged 
thermostatic expansion valve No. 373 
(light line). 


(see 


opposes valve 


side 
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Electro-hydraulic Valve 
A. F. Hoppe Engineering Co. 


O stuffing box, gaskets, springs or 
levers are employed in this new 
electrically operated valve an- 
nounced in sizes from i.” to 1” and in 
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five pressure ranges: 10-25, 25-65, 65-85, 
85-150 and 150-200 Ibs./in.2. Energy con 
sumption when current is on is 16 watts 
from any a.-c. or d.-c. supply. Normally 
open, or normally closed as in design 
illustrated, the operation of which is as 
follows: To open Solenoid being ener- 
gized, ball EF. is rolled off port F, reliev- 
ing pressure in C. By-pass J. being 
smaller than F, differential lifts piston. 
To close—Ball itself, closing F. 
Pressure builds up in C through J, fore 
ing piston down. Media: ammonia, brine, 
CO,, oil, steam, etc. When required, 
valves can be furnished to function 
buried underground or submerged in 
water. 


seats 





Cabinet Thermostat 
Detroit Lubricator Co. 


OR enclosure or forced circulation 

type heating, cooling and air-condi 

tioning units, the new No. 261 Cabi 
net Thermostat can be used to control 
heating elements, 
solenoid or elec 
tric valves, fans, 
etc. It has the ad 
vantage of being 
installed complete 
ly inside the cabi 
net except for the 
exposed — dial-and 
knob adjustment. 
It may be mounted 
at a convenient lo 
cation and correct- 
ly wired at the 
time of assembly 
or at the factory. 
With some units, complete factory as 
sembly is possible, eliminating wall ther 
mostats and the consequent need of in- 
stalling wiring in BX or rigid conduit. 
Considerable installation cost is thereby 
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saved. The No. 261 is of the high-voltage 
type: no need of transformers or relays 
up to 1 h.p. single-phase 110 or 220 volt 
ac. or Y% hp. on 110 or 220 volt d.c. 
Standard adjustment ranges: for heat 
ing, 45-80°F.; for cooling, 75-90°F. Sup 
plied only in single-pole single-throw type 
to make or to break. 





Humidistats and Thermostats 


Julien P. Friez & Sons, Inc. 


OTARY knob-and-dial type of  set- 

ting, and modernistic appearance, 

are outwardly visible features of 
these new models. Inwardly they repre- 
sent the culmina- 
tion of the succes- 
sive improvements 
described in IJn- 
struments, Feb. 
1933, page 39, and 
May 1933, page 
109. Illustration 


shows new model 
humidistat with 
cover removed. 


Among available 
contact arrange- 
ments are the fol 
lowing: Type H-4 

Snap acting, sin 
gle pole, single 
throw (2-wire), to 
complete circuit at 
low. Suitable for 
use with humidify 
ing equipment and 
for operation of 
solenoid valves, thermal type valves and 
damper motors, or for 2-wire booster 
relays where heavy loads have to be 
handled. Type H-5—Snap acting, single 
pole, single throw, 2-wire, to complete 
circuit at high. Suitable for same uses as 
H-4. Type H-6—Snap acting, single pole, 
double throw (3-wire). As used for 
positive type motor valves or damper 
motors. Also Type H-?7—Same as H-6 
but without snap action. As used for 3- 
wire system holding-cireuit type relay- 
transformer sets, or reversing type mo- 
tor valves only. New model thermostats 
have corresponding contact arrangements. 
Primary elements of humidistats are mul- 
tiple human hair; of thermostats, _bi- 
metallic. Contacts are pure silver, rated 
for 110 volts a.c. or d.c., 25 watts. Both 
classes of instruments now come in alu- 
minum with the new “Alumilite” 
anodic finish. 





cases 





Float-thermostatic Trap 
Sarco Co., Inc. 


YPE FTO-H, latest addition to the 

Sarco line, carries the working pres- 

sure now available to 180 lbs./in.*. It 
is said to be compact in design and light 
in weight so that it can be supported 
directly on the piping. Inlet and outlet 
are on the same side, a small vertical 
distance apart for easy connection to 
horizontal pipes. All working parts are 
on the cover and readily exposed for 
cleaning without disturbing the connec- 
tions. The automatic air bypass, arranged 
on the down-board side of the trap so 
that the thermostatic element is at no 
time exposed to the full steam pressure, 
keeps the trap vented so that it cannot 
become air-bound. Main discharge valve 
and seat are of stainless steel. 





Rate of Flow Indicato; 


Jensen Instrument Co. 


AID to be “the oldest and 

manometer, this new _ inst 

consists of a U-tube of ing 
construction but provided with 
adjustable scale, the 
which can be made 
cide with the lower 
two levels of mar 
liquid. This “patent 
ing scale” is moved |} 
ing the thumbscrew 
upper right. Two 
are announced: a \ 
211,"x414,"x114.”" and 
tvpe 211,”x6"xl1! 
flush), each weighing 
and built to withst 
Ibs./in.? w.p. The whit 
silicate glass tubes ar 
ard 1,”x18” packed 
end with oil-proof ri 
steel glands and n 
bottom of each = gla 
ball check to prevent 
over” in case of over-range, consist 
stainless steel seat, ball and ball r 
A pulsation damper cock is conve: 
located. Primary elements, ete. (1 
leading manufacturers) include « 
Venturi throats, Pitot tubes, as 
seals, traps, ete. Coefficients being kno 
scales reading flow units are laid 
which are accurate to 0.01” linear, t 
fore within error of observation, 
is said that users prefer scales grad 
up to square roots of 144, 121 o 
water differential, so that they n 
any desired coefficient, and simply « 
coefficients when flow characteristi 
changed. 








Confectioners’ Thermometer 
Taylor Instrument Companies 


OR deep-frying as we 
ee for candy making, ther 


announced an especi 






rugged, easy-to-cleai 
quick-reading mercury 


All metal parts 
solid copper, copper 
riveted and of 
design which makes 
for strength and for 
maximum protectior 
of the thoroug 
annealed glass tub 
Clamp at ba 
case permits faste! 
ing to side of kettl 
Size: 12% 

16%” 
dy range thermo 
eter is scaled 50-370°F., fryi 
range thermometer 60-500°! 
otherwise, they are alil 


mometer. 


overall. Car 





800-amp. "Tong Test’ 
Columbia Elec. Mfg. Co. 


HE original 400-amp. model 

ummeter was announced in 

ments, Feb. 1933, page 41. | 
1inged magnetic circuit, permitting 1! 
encircle a conductor to read rrent 
without interrupting service. New mode's 
are now announced for reading 
800 amps. but instead of being 
for both ac. or d.c. they are suita!l 
either. Neither current transforn 
shunts are required. 
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Industrial pH Electrodes 


} q Leeds & Northrup Co. 


ED absolutely bare, this new an- 
timony electrode which never re- 
quires platinizing is designed for 
e industrial service such as con- 
s pH indica- 
Se tions (or records ) 
me of paper stock in 


me tinuou 


© of alkaline treated 
water. No sampl- 
ing line is needed, 
for it dips direct- 
ly into the solu- 
tion. Illustration 
brings out some 
features suggesting 
new fields of pH 
measurement and 
control in the pro- 
cess industries. 
Mounting the cell 
is so simple a mat- 
ter that in almost 
every application 
> it mav be tried out in a number of 
places to determine the optimum location 
where pH is most directly related to 
* the process or product control involved. 
> It can be used in solutions containing 
© relatively large amounts of suspended 
matter. Solution temperature variations 
> are automatically compensated for. Im- 
mersion should) remain complete, of 
course; but in connection with processes 
where liquid level must vary, suitable 
float-supports may be rigged up. These 
new cells are designed to be used with 
the maker’s line of “Micromax” poten- 
tiometric indicators, recorders and auto- 
matie controllers (/nstruments, Septem- 
© ber 1931, page 505, March 1933, page 
® 63). 





NO CHEMICAL 18 ADDED 
TO UNKNOWN SOLUTION 





neha at 








; Special Motor Control 


4 General Electric Co. 
: HIS novel application of the induc- 
% tion frequency converter permits the 


» use of special motors (example de- 
scribed is for driving sugar centrifugal 
extractors). Induction 
frequency converters, 
employed to give a 
high frequeney and 
thereby operate 2-pole 
induction motors at 
high speeds, have good 
voltage reg- 
ulation while 
motors are 
running 
loaded at top 
speed but 
lack ability 
to accelerate 
motors even 
at no load, by reason 
of high starting cur- 
rent at low power 
factor. Centrifugal 
motors, on the other 
hand, must exert 
greatest torque while 
accelerating, and when 
they reach top speed 
the required torque is 
<0.1 starting torque. 
The mean power fac- 
tor of a number of 
centrifugal motors op- 
erating on short cycles is 0.70 and the 
wattless component -must be supplied 











from the line, including the magnetizing 
current of the converter. A synchronous 
driving motor for the converter can be 
designed to supply this wattless current, 
thus raising the power factor of the total 
load to any desired value. Illustration 
shows control panel of a recent example: 
a 70-kw. 0.70-pf. converter set driven by 
a 50 h.p. synchronous motor, to trans 
form power from 3-phase, 25 cycle, 550 
volt system to 38-phase power at 58.3 
cycles, 428 volts for operation of six 80 
h.p. motors. 





Sheet Measuring Device 
The Clark Controller Co. 


OR use in sheet or tin mills using 

automatic roller and catching tables, 

this new instrument can be applied 
to existing installations without modify 
ing them. After , 
sheet 
through rolls it 
automatically gives 
an indication of 
its own length by 
movement of point 
er on an_ illumi- 
nated dial which 
may be calibrated 
to read directly in 
inches. Position of 
pointer is main 
tained while sheet 
is taken back over 
top of rolls and 
until it starts 
through next pass, 
giving operator 
time to note the 
length and set his 
rolls accordingly. 
During next 
pointer moves from 
previous position to new position, again 
indicating length of sheet after latest 
pass. This operation is repeated until re 
quired length of sheet is obtained. Then, 
next piece delivered from furnace auto 
matically resets pointer. 


passes 





pass 





Lock-out Push Button 
The Electric Controller & Mfg. Co. 


OR use in connection with the remote 

control of automatic motor starters, 

there is announced the new EC&M 
270-A Type J Form C Vapor-proof and 
Dust-tight, Safety 
Lock-out Push But 
ton. It is for 3-wire 
low voltage protection 
installations where it 
is desired to start and 
stop a motor through 
its magnetically-oper 
ated starter or con 
troller from two. or 
more push button control stations, at any 
one of which it may be desired to lock 
the push button in the “off” position to 
prevent operation of the motor-driven 
machine. Where push button stations are 
located on different floors or obscured 
from view of the main push button sta 
tion adjacent to machine, the insertion 
of a padlock on the “stop” side of any 
of these new push buttons will prevent 
operation of the machine until the au 
thorized person has removed the padlock 
and re-established the control circuit. In 
addition, this push button is especially 
suited for dusty or gaseous locations. 





Inflammability Tester 
Forest Products Laboratory 
EVELOPED by M. 1 


Forest 


Dunl t}), 
Products I iboratory engl 
neer, to overcome some of the limi 


tations of the numerous older test meth 








a 


ods, the 
“Fire-tube” < 
consists essen sty 
tially of an 
open galvan 
ized-iron tube > 
in which a AX 
specimen of . 
wood is burned while suspend 1} ’ 
ed from a balance arm. A gas 
flame is applied for 4 minutes 
to the lower quarter of the speci ’ 
men. A pointer attached to the balance 
arm indicates on 
loss in weight as the burning proceeds 
The temperature at the top of the tube is 
measured by a thermoelectric pyrometer 
Wood decomposed by the flame in the 
form of coals is caught on wire mesh at 
the bottom of the tube, their tendeney to 
glow being noted by the operator. The 
ignition flame is controlled so as to give 
a temperature of 1832 *~ 45°F. (1000 
- 25°C.), measured with a No. 14 
\. W. G. thermocouple, at the hottest 
part of the flame, and 356° + 9°F. (180 
r e°C..) at a point igs 
of the tube without a specimen in place 
These conditions are obtained with a 
Bunsen burner, adjusted to give an 11” 
blue flame with a tall, indistinct, inner 
cone. The fire-tube is about 50” long over 
all. The specimen, about 40”’x1"x'%”, i 
suspended with its lower end 1” 
the top of the burner 
to temperatures ranging from those exist 
ing under severe fire conditions down to 
approximately the ignition point of wood 











a scale the percentage 


above the center 
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ASSMAN 
Aspiration Psychrometer 


for precise determination 
of the actual Temperature and 
Humidity of Air 


R. FUESS, INC. NEW YORK 


ESTAB. 1865 245 WEST 55th ST. 
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Polarizing Microscope 
By E. W. Melson* 


N this new instrument previous im 

provements achieved by B. & L. are 

incorporated. Such faults as shift of 
focus, astigmatism, and change of mag- 
nification, which re 
sulted when the tube 
analyzer inserted 
in the old instruments, 
have been corrected. 
The stand of the 
new LC has ade- 
















was 


quate balance 
and _ stability, 
the curved 
arm per 
mitting 
abundant 
working 


The V 
shaped 
with 


long 


base 
its 
heel gives 
stability in 


inclined positions. The 125 mm. circular 
stage reads directly to 1° and is equipped 
with a vernier reading to 3’. The sub 
stage, focusable by diagonal rack and 
pinion, carries the polarizer and con- 
denser. Special attention was paid to 
securing clearance at the stage, and 
vertical clearance so that the microscope 
can be used with the Emmond’s Uni- 
versal Stage, the increasing importance 
of which makes this a highly desirable 
feature. The new LC Model has a 39 
mm. body tube of nearly uniform size 
from the nosepiece to the large diameter 
eyepiece. Directly above the nosepiece 
is a slot for introducing accessories, 
such as the quartz wedge, rec of the 
first order, quarter wave plate, etc. 
Above this is the stigmatic tube analyzer 
and the Bertran lens with iris diaphragm. 
Unusually fine focusing adjustment has 


been achieved, the screw pitch having 
been changed so that each graduation 


on the drum is equivalent to 2 microns 
of movement. Depth and thickness meas 
urements are thus greatly simplified. The 
rack is much longer than usual, provid 
ing for the regular coarse adjustment 
and yet allowing clearance for the Uni 
versal Stage. Unusual steadiness is thus 
achieved for the body tube in relation 
to the specimen. The new, quick-chang- 
ing, centerable nosepiece of the LC Mic- 
roscope is highly advantageous in its 
ability to center, and keep centered, its 
objective. Eyepieces, of large diameter 
with exceptionally large fields, are 
equipped with cross hairs and focusing 
eve lenses. An adapter for taking the 
Universal Holder, Positive Eyepiece, and 
accessories, is supplied with each micro- 
scope. Ordinary eyepieces or micrometer 
evepieces may thus be used. The substage 
of the new model has been designed for 
equipment with either a condenser of 
1.10 N.A. or an achromatic condenser 
of 140 N.A., each interchangeable. The 
1.10 condenser has an eccentric shutter 
for facilitating refractive index meas- 
urements with oblique illumination. Both 
condensers are on sliding mounts. They 


*Bausch & Lomb Optical Co 
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are equipped with an iris diaphragm and 
provided with a means for swinging out 
the upper lens to illuminate the larger 
field required when working with the 16 
mm. objective. The mirror can be swung 
off the optical axis for obtaining oblique 
illumination. Its fork mount slides ver- 
tically on the mirror bar. The polarizer, 
a Glan Thompson prism in rotatable 
mounting fitted with an iris diaphragm, 
is graduated in 15° intervals, can be ro- 
tated 360° and has a detent to locate it 
at 0° position. The Stigmatic Tube Ana- 
lyzer is an Ahrens prism which slides 
between the stigmatizing lenses and is 
rotatable through 90°, graduated in 5° 
intervals. The stigmatizing lenses are not 
carried on the Ahrens prism mount, but 
are fixed permanently in the body tube 
so that neither change in magnification 
nor change in focus is required when in- 
troducing or removing the analyzer. 


Acree pH Meter 


American Instrument Co. 





OR field, factory or laboratory work, 

the Acree Universal pH Meter is 

adapted to use with glass, hydrogen, 
quinhydrone, or antimony electrode, and 
with any type of solution, including 
colored, very dilute, weakly buffered, 
oxidizing or reducing, and colloidal so- 
lutions. A null method of measurement 
makes the accuracy independent of the 
e.m.f. of the enclosed dry cell. Except in 


the case of the glass electrode, with 





sensitive galvanometer must be 
used, the instrument is entirely self-con- 
tained, and the single panel meter is used 
both for balancing and reading. Two 
models are available, one with an ac- 
curacy of +1 mv. on the 0-500 mv. scale 


which a 


and + 2mv. on the 0-1000 mv. scale, and 
one with an accuracy of 0.5 mv. and 
+1 mv. 


Boiler Concentration 
Recorder 
Esterline-Angus Co. 


N order to better the economy of 


eration of large boilers and to ro} 


the blading of turbines, there | 
a demand, it is said, for an instr, 


which will make a 
continuous record 
of the salt 
centration in the 
boilers, and to 
meet this demand, 
this new instrument was developed 
consists of two units: The pressur 
ducing chamber is a cast iron « 
fitted with an adjustable inlet ne 
valve, an electrode, and an indi 
thermometer. Boiler water pressure 
duced to atmospheric, the upper 
the chamber having a free opening 
overflow, which keeps the chamber p 
filled and the electrode complet: 
mersed, is prped to the boiler feed s 
so that no water is lost. By reduci 
pressure to atmosphere a_ practic 
constant temperature of 212°F. is 1 
tained, eliminating and 1 
compensating devices unnecessary 
The standard | 

Angus graphic ohmmeter connected 1 
110 or 220 volt a.c. circuit 
electrode, so as to record the resist 


con- 


errors 


recorder is a 


anda 


of a fixed column of water fron 
boiler, which is a function of the 
centage of any salt held in solutior 


can be furnished in either portable, 
and front or flush switchboard 
with either spring driven or synch 
motor chart drive. Charts are 9 
long, 6” wide, and have a range of ()-3 
ohms. The measuring element is 
electrodynamic type in which no 
is used. The writing mechanism 
one used in all Esterline-Angus 
ers. The instrument as a whole 

to withstand the application of a 
down test of 2500 volts a.c. for | 





Differential Speed Indicator 


General Electric Co. 


NDICATING the percent difference 

in speed between two rotating shafts, 

this device was especially developed 
for use in steel mills where it is desired 
to determine the draft or reduction in 
thickness of material during the rolling- 
down process in cold-strip mills. It con- 
sists of two identical a.-c. generators 
having linear excitation 
characteristics, and a ra- 
tio-type instrument. The 
output from one genera 
tor is connected to one 
coil of the instrument 
and the output from the second genera- 
tor to the other coil of the instrument. 
The fields of the generators are con- 
nected in series and hence are always 
working at approximately the same field 
strength. In this manner, the voltages 
generated by either generator at the 
same speed are equal, and at any other 


speed are proportional, to th eed 
the generator. The coils in the instru 
ment are identical and hence have t 


same impedance so that the instr 


by indicating the ratio of the currents 





shows the percent difference in 
This “Draft Gauge” will indicate up 
60% draft over a 10-to-1 speed 
and at a minimum speed range of 


r.p.m. Generator field control maintai 
approx. uniform generated voltage ove? 
the entire speed range to prevent ex¢ 


sive current at high speeds. 
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The ''Comfortrol'’ 


Julien P. Friez & Sons, Inc. 


T is neither temperature nor humidity 

but a combination of the two that 

results in a given body sensitive con- 
dition, termed “Effective Temperature.” 
See Instruments, Sept. 
1930, pages 560-563 for 
charts showing that it 
is “Effective Tempera- 
ture” and not ordinary 
dry-bulb temperature, 
nor “relative” humidity, 
which need control by 
air-conditioning equip- 
ment. The Friez Com- 
fortrol is now announced 
as the first automatic 
control instrument giving Effective Tem- 
perature or true human comfort condi- 
tions. It takes the place of both thermo- 
stat and humidistat, giving better results 
and being suitable for use with all types 
of air conditioning equipment up to the 
most elaborate winter-summer 100% air 
conditioning plant. It is not, of course, 
to be expected that the simpler condi- 
tioners will give all-year-round results 
equal to those possible with elaborate 
plants by the mere addition of a Friez 
Comfortrol, but it is contended that this 
new automatic control will assure the 
best condition of human comfort that 
can be obtained from any given air con- 
ditioner. The Friez Comfortrol embodies 
a temperature sensitive element and a 
relative humidity sensitive element with 
their complementary electric contact 
mechanism and setting pointers so inter- 
linked that it is possible not only to 
vary the ratio of the two factors of 
temperature and humidity going to make 
up Effective Temperature in any desired 
proportion, while leaving the Effective 
Temperature unchanged; but which also 
provides separate means of varying that 
Effective Temperature as may be de- 
sired. Two knurled knobs and calibrated 
dials are provided. The upper one deter- 
mines the relative humidity setting while 
simultaneously correcting the dry-bulb 
temperature in the correct ratio to in- 
sure that effective or body sensitive tem- 
perature is not altered. The lower dial 
is the one whereby the Effective Tem- 
perature or condition of body sensitive 
comfort is changed. It is calibrated in 
degrees Effective Temperature and also 





marked with the summer and winter op 
timum comfort lines. The instrument is 
provided with low, high and moving con 
tacts of pure silver, for connection to 
temperature equipment (either heater or 
cooler or both) and similarly for connec 
tion to humidification or dehumidification 
equipment. It can be used on the 2- or 
3-wire control systems. All contacts will 
carry 25 watts at voltages up to 110 a.c. 
or d.c. Magnetic snap action insures 
clean and positive make and break. No 
relays are required for solenoid valves, 
motorized valves, damper-motors and 
other light-load devices. Relays or de- 
vices for use on heavier loads are avail 
able. The instrument is 83,” high, 57% 
wide, 21,” deep, and weighs 40 oz. 


” 





Radiation Receiving Tube 
Thwing Instrument Co. 


OR permanent mounting where ser 
vice is severe this new water-jacketed 
receiving tube combines a standard 
Twing conical-mirror type tube with a 
cast brass chamber in which the thermo 





elements and lens are assembled and sur 
rounded by a water jacket. Water inlet 
and outlet are I.P.S. Overall length 
121”. Water jacket section 334” diam 
This new receiver not only multiplies the 
accuracy-life of the elements but elimi 
nates or minimizes some sources of errors 
in temperature measurements. 





Trofimov's Problem Folder 
L. A. Trofimov 


HERE are only two fundamental 

types of problems with which an 

engineer ever comes into contact: 
discovery type problems, leading to dis 
covery, generally known as 
problems; and invention type, leading to 
invention, generally known as develop- 
ment problems. The discovery type prob 
lem requires to find the cause of the 
known effects and the general procedure 
of it is the well known scientific method. 
The invention type problem requires the 
production of the desired effect from 
known causes and its procedure is the 
reverse of the Scientific Method, with 
some modifications. To help the engineer 
solve the invention type problems, Trofi 
mov’s Problem Folder has been put on 
the market. Its size and shape are iden 
tical with the ordinary letter size folder. 
Its purpose is two-fold: first, an engi 
neer is recommended to keep in it his 
notes and sketches on the pending prob- 
lem, and second, whenever he is in diffi- 
culty as to how to properly proceed on 
his problems, he is advised to read the 
instructions printed on the four pages 
of the folder. This guide consists in a 
detailed description, claimed to be scien- 
tifically correct, of the inventive type 
mental procedure leading from problem 
to solution. This procedure is simply a 
description of the natural way the nor- 
mal mind travels from problem to solu- 
tion. It claims to enable the user to reach 
all possible solutions of a technical prob- 
lem and is entirely practical so that it 
may be easily followed by the average 
engineer. ‘ 


research 


Portable Schering Bridge 

By C. F. Hill, T. R. Watts and 

G. A. Burr* 

ESIGNED primarily for power 

factor, dielectric loss and capaci 

tance tests on condenser bushings 
in circuit breakers and transformers, 
this new portable 
Schering bridge is 
also adaptable to 
the testing of equip 
ment of higher ca 
pacitance, such as 
cables, and for mi 
cellaneous labora 
tory uses. Earlier 
power factor tests 
on bushings have 
been made in the 
field, but this is 
probably the first 
application of the 





Schering bridge to field tests. The instru 
ment is a Schering bridge designed for 
“inverted” operation, to permit testing 
capacitors having one terminal grounded 
The testing potential is 13.8 kilovolts, 
which has been found adequate for find 
ing faults, even in 230 kv. bushings. The 
manually operated decade resistors, dec 
ade capacitors, shield balancing controls, 
galvanometer, and all the parts which in 
conventional laboratory bridges are very 
near ground potential, are at 13.8 ks 
potential from ground in this set. There 
fore, they are enclosed in a metal box 
or shield which is balanced to galyanome 
ter potential, and this box is enclosed in 
a grounded box. The knobs on the front 
panel are connected to their respective 
instruments by insulating shafts which 
have metallic bearings on the inner panel 
or shield to prevent shaft leakage cur 
rents from entering the bridge circuit 
The new design includes a no-loss stand 
ard capacitor in the upper cabinet which 
utilizes the capacitance between the in 
ner and outer boxes. A strip around the 
ends, top and bottom of the inner box 
comprises the active electrode, while the 
front and back serve as guard rings. The 
transformer and the low-voltage switch 
ing are mounted on the table which sup 
ports the instrument case. The cable 
which connects the set to the high voltage 
terminal of the capacitor under test ha 
an inner shield which is balanced to the 
same potential as the central wire, thu 
eliminating losses from wire to shield; 
and also has an outer shield which i 
grounded. A_ reflecting vibration gal 
vanometer is used because of its sim 
plicity and its sensitivity to the funda 
mental frequency only If desired, the 
set can be made convertible for use in 
the conventional laboratory manner (7.¢ 
not inverted, but with ground at instru 
ment end), for testing at voltages above 
13.8 kv., with auxiliary standard capaci 
tor and transformer designed for the 
voltage to be used. The inverted Schering 
bridge is operated in the same manner 
as the conventional laboratory type. It 
is believed that a satisfactory device has 
been developed which will do the work 
quickly and with relatively little trouble 
The use of the device, in codperation 
with the manufacturer of the apparatus 
under test, will provide experience in 
the location of insulation troubles and 
permit the user to detect defective equip 
ment in time to prevent outages, and 
thus reduce operating expenses. 
"Westinghouse Electric & Mfg. Co. Extract 


from paper presented before A.I.E.E. on Jan 
uary 25, 1934, 
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"Hold Heet"’ Pyrometers 


Russell Electric Co. 


EK SIGNED, constructed, 

and sold strictly for 

standard equipment on heat-using 
machines,” these new pyrometers are self 
contained, the thermocouple extending 
directly from the hexagonal-cased indi 
cator to the point of temperature meas 
urement in the oven, furnace, kettle, etc. 


“a yriced 


use as 


Thus, there are no “connection leads” 
but the “extension leads” may be attached 
to the top, bottom or either side of the 
5°” case as specified. Alternatively, the 
“Hold Heet” pyrometer may be supplied 
in the form of a portable straight lance 
aluminum handle \ distinctive 


characteristic is the 10-ohm resistance of 


with 











the measuring element, together with the 
resistance of the heavy-gage ther 
mocouples. The total variable external 
resistance is said to be 4,59 of the meas- 
uring-element resistance, and the differ 
ent couples are all so nearly alike in 
ohmic values that the instruments are 
uniformly calibrated for their average 
resistance. This mass-production method 
is said to give a maximum possible error 
of “even less than one part in 150” and 
it has made it possible to produce rugged 
pyrometers “at unheard-of low prices” 
especially for manufacturers of heat- 
process equipment. Two standard ranges 
have been announced: 60-800°F. and 60 
1600°F, 


low 





Tilting-tank Steam Traps 
Nason Mfg. Co. 


HE new line of “Detroit” steam 

traps includes the return, vacuum, 

combination, and separating types. 
Principle: Tilting tank, mounted eccen- 
trically on hollow trunnion, is held in 
horizontal position when empty, by means 
of large counterweight. When tank fills 
with water (through hollow trunnion), 
counterweight is over-balanced, and tank 
tilts, actuating the valves. Claims: “Not 
only traps condensed steam, but permits 
condensation to be turned into live steam 
with smallest possible use of fuel; uses 
same volume of steam as volume of water 
fed to boiler; does not require lubrica 
tion; has only two valves, both in plain 
view (packed without taking trap apart) ; 
able to handle water and return it to 
boiler at temperature as high as 335°F.; 
when used instead of pump, can increase 
thermal efficiency of plant by returning 
condensate hot, by as much as 20%; 
counter records number of operations, 
allowing accurate check on feed water 
and heating surface, boiler horsepower 
and heater capacity.” 
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Gum Test Baths 


American Instrument Co., Inc. 


RMY and Navy specifications for 
testing gum stability of gasoline 
are met by the newly announced 

series of electrical and steam heated 
gum baths, supplied for one, two, or 
four bombs, in either style of heating. 
The bombs, which take an 8-o0z. sample 
bottle, are of new design, with stainless 
steel closure plates, and means for seal- 
ing without the use of a large wrench. 
Used at 100 lbs. oxygen pressure, they 
are guaranteed to stand 2000 Ibs. Heavy 
cadmium plating protects the body of the 


bomb from corrosion. 





Ladder Type Attenuators 
Remler Company, Ltd. 


AID to meet the most exacting voice 

circuit requirements for transmis 

sion, recording and projection, these 
newly designed ladder type attenuators 
mount either 
through a 238%” 
hole or by 
means of 
3 screws 
through the 
panel. Atten 
uation is in- 
creased in 53 
steps of 0.75 db. 
each to 45 db. A 
rising attenuation 
characteristic 
serves to fade the 
program from 45 db. to infinity. Flat fre- 
quency characteristic from 20 to 20,000 
¢.p.s., low noise level, and heavy lami- 
nated wiping contact arm are features. 
The unit is enclosed in an aluminum 
shield 2,3,” deep. Standard impedances 
are 50, 200 or 500 ohms; other values on 
order. 





Three-way Tempering Valve 
Lawler Automatic Controls, Inc. 


OR submerged coil type heaters, in 

stantaneous and domestic hot 

water storage tanks, this new ther 
mostatic valve or mixture regulator is 
said to eliminate delivery of excessively 
hot water. It is supplied with hot water 
from the coil and with cold water from 
the mains. A_ sensitive thermostat lo- 
cated in the mixing chamber controls the 
amount of cold water necessary to tem 
per the delivered hot water to the de- 
sired temperature. The thermostat is of 
the liquid-expansion type, is made of 
brass or copper and is said to exert 
ample power to operate positively the 
valve controlling the hot and cold water 
ports. The standard Lawler Thermosta- 
tic Tempering Valve is designed to de- 
liver water at any desired temperature 
between 140 and 170°F. with boiler water 
temperature kept at >180°F. Adjust- 
ment requires use of a wrench. Standard 
sizes are 1”, 11%” and 2”. 


coils 








Fig. 1 


Photoelectric Relay 


Westinghouse Elec. & Mfg. Co. 


N such applications as countir 
operating speed of the new “I 
lay is extremely fast, rangil 


200 to 600 objects per minute depen 


upon amount of light change 
and resistance of contacts. ‘Th 


duty contactor interrupts 2 
volt a.-c. non-inductive load or 3 
115 volt dc. The relay itself i 

sturdy steel box (Fig. | 
knockouts for lead-in wires. Ph 
housings (Fig. 2) can be 
standard rigid conduit or flexibl 
splashproof housings being avai 
outdoor work, ete. Suitable light 


moult 


are available. Gas or vacuum phiotot 


can be used. Flexibility in desig: 
either on or off operation of cont 


Standard a.-c. unit works on ar 


quency from 25 to 60 cycles with « 
high sensitivity 
said to be a new 


throughout th 
characteristic 





Fig. 2 





Demand Meter Register 


General Electric Co. 


EED for servicing has be 

mized in this completely n 

mand meter register, whit 
applied to eight different types 
watthour meters. A new testin 
also announced, permits an ové 
curacy” check of the register 
a minute, is adapted for manu 
tion and is said to be fool-pr 
time saving. Ilustration show 
of attaching it. An improved 
high-torque Telechron timing m 
mits the use of high torques a! 
factors. Provision for refilling ! 
barrel with oil is a new feat 
contributes to long life. The n 
be removed by loosening two sc! 
about one turn. In the resetting 
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whiel 











ism the follow-up principle is used. Full 
© motor torque is available automatically 
> if needed to insure positive reset. This 
' vives double protection against faulty 
The interval indicator, together 





Fy 

reset. 

| with the over-running clutch which per- 
| wits manual reset, is said to be an im- 
portant feature in testing. Need of ad- 
justments has been minimized, and those 
that are required are in plain view; all 


») bearings are permanently located; all 
3 Hl materials corrosion resisting. The 61,” 
a * . s > 4 
) scale is limited to 180° in order to lo- 


cate the register entirely above the disk, 
thus facilitating checking and allowing 
free inspection of the magnet gap. 


Radio Station Control 


General Electric Co., Westinghouse 
Elec. & Mfg. Co. and RCA-Victor 


HREE companies collaborated to 
design and build the equipment for 
the new 500-kw. Crosley Station 
WLW, which is said to be outstanding 








iis Si 
















in numerous respects. There are more 
than 70 tubes in’ the complete trans- 
mitter. The audio output delivered by 
the modulator is approx. 165 db. above 
microphone output—a power amplifica- 
tion of 7 & 1016, The control circuit was 
designed for complete automatic opera- 
tion and for any desired degree of man- 
ual control by means of 30 centrally 
located controls on the desk-like unit 
(General Electric Co.) illustrated, which 
has 35 lights to indicate the functioning 
of the various circuits. 



















Paper Stretch Tester 
Thwing Instrument Co. 


EPRODUCIBLE determinations of 
the amount of stretch in paper 
when tested to the breaking point 
are made possible by this new instru- 
ment which takes specimens 15 mm. (ap- 
Prox. 0.6") wide but has a movable jaw 















so that the specimens can be either 6” 
long or 4” long, depending upon their 
nature. To insure testing under uniform 
conditions, the test piece is held taut by 
an initial loading of 1 kg. The paper is 
stretched by a movable stretching bar, 
which is moved in a vertical plane by a 
rack and pinion until the paper breaks. 
A seale on the stretching bar indicates 
in inches how much the test piece of 
paper is deflected when subjected to a 
maximum constant stretching action. The 
Thwing Stretch Tester thus has a geo 
metrical magnification to produce the 
stretch dimension, instead of mechanical 
magnification which is said to introduce 
errors. All grades of paper can be tested 
in the Thwing Stretch Tester but the 
outstanding field for its use is said to be 
testing papers that are to be corrugated, 
embossed, or hot or cold pressed. 





Self-starting Time Switch 


Paragon Electric Co. 


MALL, compact and simplified, Type 
G Series Self-starting Synchronous 
Time Switch has been developed for 
operating single and dual thermostats; 
stoker, draft, oil 
burner, machinery 
and traffic controls ; 
neon signs, ete. in 
circuits 1600 
watts. Size: 8”x4” 
x3” said to be the 
compact on 
the market. Self 
starting synchron 
ous motor is self 
lubricating with 
gears in dust-proof 
shell. Between it 
and the removable 
Paragon dial there 
are no friction slips 
a feature said to eliminate many trou 
bles. Series G is being produced for such 
users as manufacturers and distributors 
on a contract basis. 


most 








"Paper Hygroscope” 
Lithographic Technical Foundation, Inc. 


N contrast with usual types of hy- 

grometers and moisture meters, this 

new instrument is designed primarily 
to indicate whether or not the pile of 
paper (or other hygroscopic material) 
into which it is inserted is in hygrometric 
equilibrium with the atmosphere of the 
room, It does not measure moisture con- 
tent, except by inference, but an addi- 
tional use is to test for moisture content 
on an arbitrary scale and thereby de- 
termine the relative fitness: of the paper 
in various lots. Where humidity is not 
controlled the Paper Hygroscope can be 
used also to test lots as received and to 
guide pressmen on multi-color work. In 
appearance it resembles a sword with a 
dial between the handle and the long thin 


blade which is perforated toward the 
point. To use: wave in air, turn dial edge 
to bring pointer opposite mark, insert in 
material, wait one minute, see whether 
pointer has remained between tolerance 
arrows, 





Variable Repeating Interval 
Timer 
Walser Automatic Timer Co. 


HE new 
is designed for 
equipment requiring 


“Jewel No. 10-630-8” timer 
use on. electrical 


continuous in 


terval operations and using not more 
than 3 amps., or to operate a_ relay 


carrying heavier currents. A small, non 





synchronous 110-volt a.-c. motor revolves 
a shaft at the rate of 30 minutes to the 
eyele through a train of gears. Two cams 
are mounted on this shaft: the rear cam 
permanently attached, the 
friction and adjustable in relation to the 
rear cam to provide ‘any circuit-closing 
period between 1 sec. and 8 min. in a 
full cycle of 30 min., continuing to re 
peat as long as current is delivered to 
the motor. The 
make-and-break 


fore-cam on 


cams operate a quick 
single pole switch with 
silver contacts. The mechanism is mounted 
on a cast-iron base with screw holes in 
corners. A 
rubber gasket on which the sheet metal 
cover rests, making a dust-proof hous 
ing which measures 4” x 4” x 2! 


groove in this base holds a 


when 


closed. 





Novel Voltage Regulator 
Control Element 
Westinghouse Elec. & Mfg. Co. 


N one respect the many forms of gen 
erator voltage regulators are similar: 
Each must 
connected to the voltage to be regulated 
which detects variations and commends 
the corrective element. To meet the need 
for an unusually rugged control element 
for use on naval vessels, which has to be 


have a control element 


accurate in spite of gun fire, there has 
been developed a new element which re 
sembles, in respects, a 
loud speaker. There is a stationary coil 
with a moving coil held on a_ pivoted 
arm. The forces developed are relatively 


usé d 


some dynamic 


high so that rugged parts may be 
without impairing the required accuracy 
Movements of the pivoted arm set up 
pilot circuits which bring about correc 
tion. This element is said to be equally 
useful for industrial regulating applica 
tions—a.c. or d.c. 
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Recording Densitometer 
The R. Y. Ferner Co. 

UE to the short period of the mir- 

ror a high speed of automatic 

recording is obtained with this 
new instrument of the Société Genevoise 
d’Instruments de Physique: 15 cm. per 
minute on the diagram. This speed is 
obtained by a strong amplification of 
the photoelectric current, which can ac- 
cordingly be measured with a_ sturdy 
milliammeter of short period instead of 
an ultra-sensitive galvanometer of long 
period. Amplification is independent of 
storage battery fluctuations. Records can 
be made in full daylight. Apparatus re- 
quires no accessories. Omission of pri- 
mary slit makes operation easier and 
unaffected by dust. Principle: A very 
narrow light beam is directed through 
the photographic plate to be analyzed 
and received on a photocell, the output 
of which is amplified by a double-grid 
vacuum tube and measured by a milli- 





ammeter of standard design, which is 
rotated about a vertical axis over angles 
strictly proportional to the linear dis- 
placement of the plate, the available 
magnification of the abscissae being 3, 
4, 5, 8, 10, 15, 20 and 50X. The photo- 
graphic plate carrier is moved 100 mm. 
by automatic travel, can be shifted an 
additional 90 mm. by hand, and has a 
transverse adjustment of 70 mm. to bring 
different spectra into the path of the 
beam. The paper sheets used are 120x300 
mm. with a useful surface of 110x290 
mm. They are carried by a frame with 
a window and held against a cylindrical 
surface by spring pressure. A frame 
with translucent screen can be used for 
visual observation and adjustment. The 
primary light source is a straight fila- 
ment, the image of which is reduced 10 
times in its projection on the plane of 
the photographic plate so that the maxi- 
mum width of the sharp luminous image 
averages only 0.02 mm. and a fine analy- 
sis of the blackening is made in an area 
less than 0.01 mm. in width. If, because 
of the grain of the plate, a coarser an- 
alysis is desired, this is obtainable by 
making the image on the plate broader. 
A Hartmann screen permits controlling 
the length of the secondary slit between 
0.1 and 1.2 mm. of the light spot on the 
plate. The primary and secondary objec- 
tives are both adjustable. For special 
work the amplification factor can be 
modified by interchanging the resistance 
mounted in series with the photocell, 
generally 10 megohms. The instrument 
can be used for examination of all kinds 
of spectrograms, ray and continuous 
spectra, absorption bands, X-ray spectra, 
etc., also of multiple rays, and for study 
of photographic materials, sharpness of 
images, size of grain and similar prob- 
lems. 
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Fluid Meters—Their Selection and In- 
stallation. Part 3 of the Report of 
A.S.M.E. Special Research Committee 
on Fluid Meters. American Society of 
Mechanical Engineers, New York, 1933. 
Paper, 8x10% inches, 44 pages. Price 


$1.50. 


This, the concluding part of the com- 
mittee’s report, crowns the 18 years of 
efforts of R. J. S. Pigott who has been 
its chairman since its formation in 
1916. It also testifies to the labors of 
Carlton, chairman of the sub- 
committee which has been preparing 
this part since 1927. It is greatly con- 
densed, but not uniformly. There are 
35 pages of text, and more than half of 
it is devoted to orifice meters. The brief 
Section I, “Selection of Type of Meter,” 
is a fine job except for its inadequate 
treatment of positive meters (see be- 
low); at any rate it includes a nearly 
flawless gem: paragraphs 7 to 23 on 
properties of the fluid and character- 
istics of the flow to be measured, which 
pack into two pages a large amount of 
useful information never before pre- 
sented so clearly. Their style is better 
than that of most of the other portions 
of the report, so that the reader is 
shocked to come across such an am- 
biguity as “raising the viscosity by 
heating the liquid’ (par. 21). Section 
II on Installation is longer; 17 of its 
21 pages are devoted to orifice and noz- 
zie meter installations, which however 
represents a skillful condensation of 
the large amount of material published 
on this subject, the writers pointing 
out every essential precaution in a 
minimum of words. I say a minimum 
of words because these pages are mostly 
diagrams, three taking up a full page 
each. The index is such a thorough job 
that I recommend making it a comple- 
ment to the main text of the next edi- 
tion. This could be done without great- 
ly increasing the number of lines of 
type, by inserting quantitative data 
between brackets. Example, in the 25 
lines under “Accuracy.” 


Little space is allotted to positive 
meters of all classes and types, and it 
is a pity that the distinction between 
positive and inferential meters has 
been dropped. One of Pigott’s distin- 
guished achievements in science and 
engineering was his dual scheme of 
classifying all fluid meters (a) into 
positive and inferential and (b) into 
quantity and rate. Since he designed 
these twin lighthouses 18 years ago 
they have obsoleted all other schemes. 
Yet the writers of Part 3 harp on the 
somewhat tenuous division into quan- 
tity and rate meters, and fail to men- 
tion the valid distinction between posi- 
tive and inferential meters. It is with 
reluctance that I venture to attack this 
outstanding innovation presented in 
Part 3, but a radical departure from 
what has almost become an engineer- 
ing standard cannot be passed by with- 
out notice. Besides, the relative impor- 
tance of “P & I” and “Q & R” is nota 
mere academic question of nomencla- 
ture as in botany, but it is a practical 
matter of semi-officially labeling the 
various classes of fluid meters. The 
A.S.M.E. “P & I” classification has be- 
come an influence in the selection of 
meters. In my opinion it should have 
been re-affirmed in Part 3 which deals 
with “Selection and Installation.” Indeed 
it should have been made more explicit 
than in Part 1 which, all through its 
successive editions, has never contained 
a word to explain that some meters 
belonging to the positive division by 
virtue of their type may be imperfect- 
ly positive by reason of their design 
and construction. It may have been this 
silence in successive editions of Part 1 
—this unqualified labeling, for example, 
of even a cheap imported disk meter 
as “positive” because it belongs to the 
“volumetric” class—that riled some 
advocates of inferential meters. And 
they weren't the only objectors: engi- 
neers interested in the better grades 
of positive meters wanted the Commit- 
tee either to be more explicit or to 
abolish the “P & I” distinction. It may 








well be that if the latest 
Part 1 had explained P & I the 
ists would not have triumphed 
pletely in the final wording of 
Their victory implies that t!} 
classification will be used in t 
edition of Part 1. It means, ths 
a great engineering’ society 
erected a useful pair of light 
is apparently about to allow 
them to be demolished instead 
creasing its candle-power. 
Since I proposed the “degree 
tiveness” criterion, some di 
have made much of the doct 
there are no ideally positive 
I grant it for the sake of ar 
but what is of greater import 
an “engineering code authority” 
there are no meters that are 
positive nor inferential. Moreo, 
“P & I” scheme applies to th: 
meter whereas the “Q & R” scl 
not an engineering classification 
but is a classification of primar 
All in all, “Q & R” is less sig 
than “P & I” and its significance 
with the appearance of every 
meter with an R primary and 
new R meter with a Q primary 
the likelihood of the appearan 
new type of meter unclassifial 
either P or I grows dimmer. If P 
shining “P & I” beacon is extingu 
his somewhat less logical “Q 
(which derives most of its usef 
from being one of the twins) ma 
to undergo drastic alterations. 
The treatment of positive 
(never called such) is well-nigh 
ful. Under “General Considerat 
there are five brief paragrap! 
“quantity meters” and four of 
contain questionable assertions. T 
[45] “They are not suitable f 
tering dirty liquids unless strains 
can be placed in the main line 
ing the meter.” On the contrary 
ing-bucket meters are frequently found 
to be the most suitable for metering 
dirt- and sediment-laden liquid 
{[46] “Readings obtained ...1 
satisfactory for bookkeeping pur} 
but not as an aid to operatior 
point of fact there are industrial p: 
esses where the quantities are a 
important and where the rates do! 
matter. 


[47] “Their use is usually limited t 
small or medium sized lines, In fey 
instances, quantity meters of la 
capacity are manufactured, but in 
cases the installed cost is quite hig! 
compared with that of a rate meter 
for the same service.” The first asser 
tion is saved by the word “usually 
the second is in error: most rate mé 
are unsuitable for “the same servic 
if it is the measurement of a wide 
range of flows, and a specially-built 
rate meter installation for wide-range 
service would usually cost more than 
a quantity meter and give more trouble 

[49] “The meter body of a quantity 
meter contains both the primary and 
secondary elements.” Let’s be charita- 
ble and assume that the word “usual 
was left out by the typist: there are 
industrial types in which the body is 
separable from the register, chart 
corder and other instruments. Why 
some types, the body is remote fron 
instruments! 


The 56 brief paragraphs on “quar 
meters” under “Specific Details 
stand revision, too. One splendid 
vation, though, is that liquid 
and gas meters are at last discussed 
separately. Paragraphs 71 to 7 on 
liquid meters of the “disk, pist 
tary piston and oscillating 
types should be revamped entirely t 
inform the reader about the differe! 
between the characteristics of recip! 
eating piston meters and_ those 
oscillating piston, rotary pistor 
nutating disk meters. And eve! 
reciprocating piston meters might 
be divided for discussion into ¢ 
types, to justify the heading “Sp 
Details.” This same remark applies, 4 
I have broadly hinted, to the br 1 
cussions of nearly all meters ot! 
head meters. 

If you are considering variou 
of meters, you will find this 1 
be less than a general and com e 
sive guide to their “Selection and [nm 
stallation,” but with reference to 





aton" 


fice, nozzle, Venturi and Pitot mete! me 
you will find it the most valuab 1° 
book issued in recent years. 
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struments and devices for measurement, inspection 


are unable to find what you require in this section of 
Publishing 


Company. Give complete information of requirements. 





ETERS 
ay “an Meter Co. 
Bailey Meter Co. 
istol Co. 
ng Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
[METERS 
a te Electric Co. 
Taylor Instrument Cos. 
ALTITUDE BAROMETER 
Taylor Instrument Cos. 
AMMETERS—Indicating 
General Electric Co. 
General Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst., Corp. 
Recording 
Bristol Company 
Brown Instrument Co. 
General Electric Co. 
Pioneer Instrument Co. 
Roller-Smith Co. 
ANEMOMETERS 
Bristol Company 
Taylor Instrument Cos. 
ASPHALT TESTING 
APPARATUS 
Taylor Instrument Cos. 
ASTRONOMICAL 
INSTRUMENTS 
Gaertner Scientific Corp. 
ATTENUATION NET- 
woRKS 
General Radio Company 
Ward Leonard Elec. Co. 
AUDIO-FREQUENCY 
OSCILLATORS 
General Radio Company 
BALANCES 
Roller-Smith Co. 
BALANCING MACHINES 
General Electric Co. 
BAROMETERS—Aneroid, 
Mercurial, Recording 
Bristol Company 
Gaertner Scientific Corp. 
Taylor Instrument Cos. 
BATTERY TESTERS 
Roller-Smith Co. 
Weston Elec. Inst., Corp. 
BEARING TESTERS 
Burgess Labs., Ine. C. F. 
er. ELEMENTS 
M. Chace Valve Co. 
eoanve. INSTRUMENT 
ley Meter Co. 


Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 
BOILER METERS 

American Meter Co. 

Bailey Meter Co. 
BRAKE TESTING 

METERS 

Rawson Elec. Inst. Co. 

BRIDGES, ELECTRICAL 
ity, Inductance, Kelvin 

Resistance, Temperature, 
Wheatstone, Percent 

General F Electric Co. 

General Radio Co. 

Roller-Smith Co. 

Shallcross Mfg. Co. 

Thwing Instrument Co. 
ose TESTERS 


CALORIMETERS. 
American Meter Co. 
Gaertner Scientific Co. 

CAPACITANCE METERS 
Roller-Smith Co. | 

P Weston Elec. Inst. Corp. 

ARBON DIOXID 
METERS é 


Brown Instrument Co. 
Foxboro Co. Ge. 


CATHETOMETERS 
Gaertner Scientific Corp. 
CHLORINE GAS FLOW 
INDICATORS “ 
Morey & Jones, Ltd. 
CHRONOGRAPHS AND 
CHRONOMETERS 
uarline -Angus Co. 
ner Scientific 
} mete Electric ~ 
General Radio Co, 
CT MOMETERS 


Forboro Wo. 


Pioneer Instrument 
colts ” 


Resistance, Induetanes, 


Speeial 
General Electric Co. 
General Radio Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 


COIL TESTING EQUIP- 
MENTS 


General Electric Co. 
Roller-Smith Co. 
Thwing Instrument Co. 


COLORIMETERS 
General Electric Co. 
Thwing Instrument Co. 

compere CONTROL 

EQUIPMENT 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 

COMMUNICATION 

MEASURING 

INSTRUMENTS 
General Radio Company 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 

COMPARATORS 
Gaertner Scientific Corp. 
General Electric Co. 

COMPASSES 
Pioneer Instrument Co, 
Taylor Instrument Cos. 

CONDENSE RS—Eleetrieal 
General Electric Co. 
General Radio Co. 


CONDUCTIVITY METERS 
Indicating, Recording, 
Controlling 

Rawson Elec. Inst. Co. 

Roller-Smith Co. 
CONTOUR MEASURING 

PROJECTOR 

CONTROLS, AUTOMATIC 
Combustion 

Bailey Meter Co. 

Morey & Jones, Ltd. 
Condensation 

Bristol Company 

Taylor Instrument Cos. 


Damper 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Morey & Jones, Ltd, 
Pioneer Instrument Co. 
Taylor Instrument Cos. 

Feed Water 
American Meter Co. 
Bailey Meter Co, 
Bristol Co. 
Brown Instrument Co. 
Foxboro Co. 

Filter Rate 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Flow 
American Meter Co. 
Bailey Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co, 
Taylor Instrument Cos. 


Humidity 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 
Humidity & Temperature 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 
Lighting 

Weston Elec. Inst. Corp. 
Liquid Levelt 

American Meter Co. 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 

Taylor Instrument Cos. 
Materials Testing, 

Baldwin-Southwark Corp. 
Pressure & Vaeuum 

American Meter Co. 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 

Taylor Instrument Cos. 
Pyrometer 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 
Rate-Velume 

American Meter Co. 

Forboro Co. 


Refrigeration 
Bristol Company 
Brown Instrument Co. 
Taylor Instrument Cos. 
Specific Gravity 
Bailey Meter Co. 
Tachometer 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Weston Elec. Inst. Corp. 
Temperature-Time 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Thermometer 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Thermostat 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
lor Instrument Cos 
Thwing Instrument Co. 
Time 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Vacuum 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Foxboro Co. 
Taylor Instrument Cos. 
Valve—Motor Operated 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
lor Instrument Cos. 
Voltage A.C. 
Water Level 
American Meter Co. 


Brown Instrument Co. 
Foxboro Co. 

Pioneer Instrument Co. 
Taylor Instrument Cos. 


COUNTERS—Magnetic 
Thwing Instrument Co. 
Revolution 
Bristol Company 
Brown Instrument Co. 
Pioneer Instrument Co. 
Stroke 
Bristol Company 
CREEP TESTER 
CUBIC FOOT BOTTLES 
American Meter Co. 
CURRENT RECORDERS 
Bristol Company 
General Electric Co. 
Roller-Smith Co. 


CYCLE CONTROLLERS 
Bristol Co. 


CYCLE COUNTERS 
General Radio Co. 
CYCLOMETERS 
DAMPING TESTER 
DEFORMETER (Beggs) 
DEMAND METERS 
Gas 
Foxboro Co. 
Elestrie: Indicating, Re- 
cording, Printing 
General Electric Co. 
DIVIDING HEAD 
Optical 


DIVIDING MACHINES 
Gaertner Scientific Corp. 
DRAF 
DYNAMOMET 
General Electric Co. 
Rawson Elec. Inst. Co. 
Weston Elec. Inst. Corp. 
EARTH CURRENT 
METERS 


Rawson Elec. Inst. Co. 
Roller-Smith Co. 

ELECTRIC TELEMETERS 
—See — Metering 
Equipme 


ELEctHIC WAVE FILTER 
SECTIONS 


General Radio Company 
ELECTROMETERS 
ELECTRONIC METERS 

General Electric Co. 

General Radio Co. 

Rawson Elec. Inst. Co. 
ENGINE INDICATORS 
ENGINE REVOLUTION 

UNTERS 


Roller-Smith Co. 
Weston Elec. Inst. Corp. 


T GAGES—See Gages 
ERS 


FLASH & BURNING 
POINT TESTERS 
Taylor Instrument Cos 
FLOW METERS 
Indicating 
Bailey Meter Co. 
Brown Instrument Co. 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 
Indicating & Recording 
American Meter Co. 
Bailey Meter Co. 
Brown Instrument Co, 
Foxboro Co 
Pioneer Instrument Co, 
Taylor Instrument Cos. 
Integrating & Recording 
American Meter Co. 
Morey & Jones, Ltd 


FLUE GAS ANALYZERS 
Brown Instrument Co. 
FLUXMETERS 
Rawson Elec. Inst. Co. 
FOOT-CANDLE METERS 
Weston Elec. Inst. Corp. 


FREQUENCY METERS 
Indicating 
General Electrie Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
Recording 
Bristol Company 
General Electric Co. 
Standards 
General Radio Co. 


FURNACE CONTROLS 
Bailey Meter Co. 
Bristol Company 
Taylor Instrument Cos. 


GAGES 

Absolute Pressure 
American Meter Co. 
Bristol Company 
Brown Instrument Co, 
Foxboro Co. 
Taylor Instrument Cos. 

Amplifying 

Comparator 

Cylinder 

Deformation 

Dial 


Differential Pressure 
Bailey Meter Co. 
Brown Instrument Co, 
Foxboro Co. 

Morey & Jones, Ltd. 
Pioneer Instrument Co. 
Taylor Instrument Cos 

Draft 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Forboro Co. 

Taylor Instrument Cos. 

Drill 


Bausch & Lomb Optical Co. 


Filter Rate 
Morey & Jones, Ltd. 
Flow 
American Meter Co. 
Bailey Meter Co. 
Brown Instrument Co. 
Morey & Jones, Ltd. 
Liquid Level 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Foxboro Co. 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Paper Thickness—Con- 
tinuous 
Thwing Instrument Co. 
Piteh Diameter 
Pressure 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Pressure- Temperature 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Forboro Co, 
Taylor Instrument Cos. 
Pressure & Vacuum 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Foxboro Co. 
Taylor Instrument Cos. 
Profile 
Rain 
Esterline-Angus Co. 
Taylor Instrument Cos. 
Recording—Distance 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Pioneer Instrument Co, 
Taylor Instrument Cos. 
train 
General Electric Co. 
Tester 
Thiekness 
Vacuum 
Esterline-Angus Co. 
General Electric Co. 
Taylor Instrument Cos. 
Volume 
American Meter Co. 
Brown Instrument Co. 
Forboro Co. 


Wind 
Bristol Company 
Brown Instrument Co. 
GALVANOMETERS 
American Meter Co 
Brown Instrument Co. 
General Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Weston Elec. Inst. Corp. 
GAS ANALYTICAL 
ETERS 
Eleetrical 
Brown Instrument Co. 
GAS FLOW INDICATORS 
American Meter Co. 
Morey & Jones, Ltd. 


GAS LEAK INDICATORS 


Taylor Instrument Cos. 
GAS-METERS 

American Meter Co 

Bailey Meter Co. 

Brown Instrument Co. 

Foxboro Co. 

Dry Test 

American Meter Co. 
Wet Test 

American Meter Co. 
GOVERNORS 
Pressure 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Taylor Instrument Cos. 
Pump 

Bailey Meter Co. 

Taylor Instrument Cos. 
Water Wheel 
GRAVITOMETERS 

American Meter Co 

Thwing Instrument Co. 
GROUND DETECTORS 

Roller-Smith Co 

Weston Elec. Inst. Corp. 
HAND TALLEYS 
HARDNESS TESTERS 
HELIOSTATS 

Gaertner Scientific Corp. 
HIGH FREQUENCY 

APPARATUS 

General Radio Co. 

Rawson Elec. Inst. Co. 

Roller-Smith Co. 

Weston Elec. Inst. Corp. 
HIGH VOLTAGE 
indleators 

Roller-Smith Co 

Shallcross Mfg. Co 

Weston Elec. Inst. Corp. 
Measuring Devices 

General Electric Co. 

Roller-Smith Co 

Shallcross Mfg. Co. 

Weaton Elec. Inst. Corp. 
Testing Devices 

General Electric Co. 
HOUR COUNTERS 

Weston Elec. Inst. Corp 
HUB ODOMETERS 
HUMIDITY CON- 

TROLLERS 

Bristol Company 

Brown Instrument Co. 

Fo Co. 

Taylor Instrument Cos. 
HUMIDITY RECORDERS 
Wet & Dry Bulb 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 


HYDROGEN ION METERS 


HYDROMETERS 
Taylor Instrument Cos. 
HYGROMETERS 
Brown Instrument Oo. 
Foxboro Co. 


Taylor Instrument Cos. 
ILLUMINOMETERS 
Weston Elec. Inst. Co. 
INDICATORS—See Gages 
INDUCTANCES 
General Radio Co. 
INSTRUMENT CALIBRA- 
TION AND REPAIRS 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
INSTRUMENT TRANS- 
FORMERS 
General Electric Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
Split Core 
Roller-Smith Co. 
Phase Shifting 
nos Aten TESTING 
EQu ENT 
oun erie Co. 
Roller-Smith Co 
INTERFEROMETERS 
Gaertner Scientific Corp. 
KEYS AND SWITCHES 
General Radio Co. 
LABORATORY RHEO- 
TAT: 


8 tJ 
LACTOMETERS 
Taylor Instrument Cos. 
LEVELS 
Centerin 
Engi 
Prism 
Taylor Instrument Cos. 
LIQUID LEVEL 
RECORDERS 
American Meter Co. 
Bailey Meter Co 








r’s, Wye, Preeision 


Bristo] Company 

Brown Instrument Co 

Foxboro Co 

Morey & Jones, Lid 

Pioneer Instrument Co 

Taylor Instrument Cos 
MAGNETIC RELAYS 

Roller-Smith Co 
MAGNETOMETERS 

Roller-Smith Co 
MANOMETERS 

Bailey Meter Co. 

Bristol Co. 

Brown Instrument Co. 

Forvoro Co. 

Morey & Jones, Ltd. 
MASTER CLOCKS 

Gaertner Scientifie Corp. 

General Electric Co. 
MEASURING MACHINES 

Gaertner Sclentifie Corp. 
MEGOHMMETERS 

General Radio Co. 

Roller-Smith Co 
MEGOHM VOLTMETERS 

Roller-Smith Co 

Weston Elec. Inst. Corp 
MICROAMMETERS 

General Electrie Co 

Rawson Elec. Instru. Co, 

Roller-Smith Co. 

Weston Elec. Inst. Corp. 
MICROFARAD METERS 

General Radio Co, 

Roller-Smith Co. 

Weston Elec. Inst. Corp 
MICROMETERS 

Gaertner Scientifie Corp. 
MICROMETER SLIDES 

Gaertner Scientific Corp. 
MICROSCOPES 
Brinell 

Gaertner Scientifie Corp 
Measuring 

Gaertner Scientifie Corp 
Metallographic 
Petrographical 
Toolmakers’ 

Gaertner Scientific Corp. 
MICROTOMES 
MILLIAMMETERS 

Bristol Company 

General Electric Co. 

General Radio Co. 

Rawson Elec. Inst. Co. 

Roller-Smith Co 

Weston Elec. Inst. Corp. 
MILLIVOLTMETERS 

Bristol Company 

Brown Instrument Co. 

General Electrie Co 

Rawson Elec. Inst. Co, 

Roller-Smith Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 

Weston Elec. Inst. Corp. 
MIRRORS 
MODULATION METERS 

General Radio Co. 

Weston Elec. Inst. Corp. 
MOISTURE METERS 

General Radio Co. 
MOTION RECORDERS 
Mechanical 

Bristol Company 

Foxboro Co 
MOTOR STARTERS 

Roller-Smith Co 
MULTIMETERS 

Rawson Elec. Inst. Co. 

Shallcross Mfg. Co 
MULTIPLE PEN 

RECORDERS 

Bristol Co. 

Foxboro Co 
MULTIPLIERS 

General Electric Co 

Roller-Smith Co 

Weston Elec. Inst. Corp. 
NICKEL SOLUTION 

TESTERS 
NOISE MEASURING 
SETS 


Burgess Labs., Inc., C. F. 

General Radio Co 
OHM METERS 

General Electric Co 

Rawson Elec. Inst. Co. 

Roller-Smith Co 

Shallcross Mfg. Co 

Weston Elec. Inst. Corp. 
OIL TESTING 

APPARATUS 

General Eleetric Co. 

Taylor Instrument Cos. 
OPERATION RECORDERS 

Roller-Smith Co. 
Electrical 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Roller-Smith Co 

Taylor Instrument Cos. 

Thwing Instrument Co, 
OPTICAL PARTS 
Lenses, Prisms, Test Planes 

Gaertner Scientific Corp. 
ORIFICE METERS 
Indleating & Recording 

American Meter Co 

Batley Meter Co. 

Brown Instrument Co. 

Foxboro Co. 

Morey & Jones, Ltd. 
Integrating 

American Meter Co. 
ORIFICES, ADJUSTABLE 

American Meter Co. 

Balley Meter Co. 
OSCILLATORS 

General Radio Co 

Weston Elec. Inst. Corp 
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OSCILLOGRAPHS 
General Electric Co. 
General Radio Co 

Automatic 
Genera) Electric Co. 

Cathode Ray 
General Electric Co. 
General Radio Co 

PANTOGRAPHS 
Gaertner Scientific Corp. 

PERISCOPES 
Gaertner Scientific Corp. 

PERMEAMETERS 
General Electric Co. 

PHOTO-ELECTRIC CELLS 
General Electric Co. 
Weston Elec. Inst. Corp. 

PHOTO-ELECTRIC 
COLOR ANALYZERS 
General Electric Co. 
Thwing Instrument Co. 

PHOTO-ELECTRIC 

COLOR COMPARA. 
Tors 

General Electric Co. 

Thwing Instrument Co 
PHOTOGRAPHIC EXPOS- 

URE METERS 

Weston Elec. Inst 
PHOTOMETERS 

Gaertner Scientific Corp. 
PHOTO-MICROGRAPHIC 

EQUIPMENT 

Rawson Elec. Instru. Co. 
PITOT TUBE METERS 

Brown Instrument Co. 

Foxboro Co 

Morey & Jones, Ltd 

Pioneer Instrument Co. 
PLANIMETERS 
Automatic Flow Record 

Brown Instrument Co. 

Foxboro Co. 

Linear 
Brown Instrument Co 

Radial 
Bailey Meter Co 
Bristol Company 
Foxboro Co 

Square Root 
Foxboro Co 

POLARISCOPES 
Gaertner Scientific Corp 

POSITION RECORDERS 
Brown Instrument Co. 
Bristol Company 
Foxboro Co. 

Taylor Instrument Cos. 
POTENTIOMETERS— 
Indicating 

Brown Instrument Co 

General Electric Co 

Thwing Instrument Co 
Reeording & Controlling 

Brown Instrument Co 

Thwing Instrument Co 
Standard Cell Comparing 
Feussner Type 
POWER FACTOR METERS 

General Electric Co 

Roller-Smith Co 

Weston Elec. Inst. Corp. 
PRESSURE RECORDERS 

American Meter Co 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Taylor Instrument Cos. 
PRISMS 

Gaertner Scientific Corp. 
PROCESS TIMING & 

SIGNALING IN- 
STRUMENTS 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 

Taylor Instrument Cos 


Corp 


PROTRACTORS 
Optical 
PROVERS 

American Meter Co 
PSYCHROMETERS 
Recording 


Bristol Company 
Brown Instrument Co. 
Forboro Co. 
Taylor Instrument Cos. 
Bling 
Taylor Instrument Cos 
PYRHELIOMETERS— 
Weather Bureau Type 
PYROMETERS 
Optical 
Radiation 
Indicating 
Brown Instrument Co 
Taylor Instrument Cos 
Thwing Instrument Co. 
Recording 
Brown Instrument Co 
Taylor Instrument Cos 
Thwing Instrument Co. 


Thermo-electric 
Immersion 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Roller-Smith Co. 
Taylor Instrument Cos 
Thwing Instrument Co 
indicating 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Thwing Instrument Co 
Recording and Controlling 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos 
Thwing Instrument Co. 
Surface Contact 
Bristol Company 
Brown Instrument Co. 
Taylor Instrument Cos 
Thwing Instrument Co. 
PYROMETER CALI- 
BRATING SETS 
Thwing Instrument Co. 
RADIO FREQUENCY 
OSCILLATORS 
General Radio Company 
RADIO SET ANALYZERS 
Weston Elec. Inst. Corp. 
RADIO TEST PANELS 
Shallcross Mfg. Co 
Weston Elec. Inst. Corp. 
RADIO TUBE CHECKERS 
Genera! Radio Company 
Weston Elec. Inst. Corp. 
REF RACTOMETERS 


REGULATORS—See 
Controls 
RELAYS 
Genera! Electric Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
Light Sensitive 
Burgess Labs., Inc., C. F. 
Roller-Smith Co 
Weston Elec. Inst. Corp. 


Vacuum Contact 

Burgess Labs., Inc., C. F. 
Vacuum Tube 

Burgess Labs., Inc.. C. F. 
REMOTE METERING 

EQUIPMENT 

American Meter Co. 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

General Electric Co. 

Morey & Jones, Ltd 

Pioneer Instrument Co. 
RESISTANCE—Electrical 

General Radio Co. 

Roller-Smith Co 

Shallcross Mfg. Co 
RHEOSTATS 

General Radio Company 
SACCHARIMETERS 

Taylor Instrument Cos. 
SALINITY INDICATORS 
SCALES 

Gaertner Scientific Corp. 
Basis Weight 

Thwing Instrument Co. 
Differential 

Thwing Instrument Co. 
SEISMOGRAPHS 
SHUNT METERS 

Bristol Company 

Roller-Smith Co. 
SHUNTS 

Esterline-Angus Co. 

yeneral Electric Co. 

Rawson Elec. Inst. Co. 

Roller-Smith Co. 

Weston Elec. Inst. Corp. 
SIGNALING DEVICES— 

Automatic 

Bristol Co. 

Brown Instrument Co. 

Fexrboro Co. 

Pioneer Instrument Co. 
SMOKE ALARMS 

Weston Elec. Inst. Corp. 


SPECIAL COILS 


SPECIAL ELECTRICAL 
INSTRUMENTS 

Bristol Company 
Brown Instrument Co. 
General Electric Co. 
General Radio Co. 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Shallcross Mfg. Co 
Thwing Instrument Co. 
Weston Elec. Inst. Corp. 


SPECIAL INSTRUMENTS Mereurial 


Roller-Smith Co. 
Thwing Instrument Co. 
Gaertner Scientific Corp. 
SPECTROGRAPHS 
SPECTROMETERS 
Gaertner Scientific Corp. 
SPECTROPHOTOMETERS 
Gaertner Scientific Corp. 
SPECTROSCOPES 
Gaertner Scientific Corp. 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Bristol Company 
Brown Instrument Co. 
Thwing Instrument Co. 
SPEED REGULATORS 
STANDARD CELLS 
Weston Elec. Inst. Corp. 
STOP WATCHES 
STRAIN GAGES 
Jeneral Electric Co. 
STROBOSCOPES 
General Radio Co. 
SUNSHINE RECORDERS 
Taylor Instrument Cos. 
SURGE INDICATORS & 
RECORDERS 
General Electric Co. 
SYNCHRONOSCOPES 
Weston Elec. Inst. Corp. 
Roller-Smith Co. 
SYNCHRONIZATION 
FORKS 
Electrical 
General Radio Co. 
SYNCHRONOUS MOTORS 
General Electric Co. 
Pioneer Instrument Co. 
TACHOMETERS 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Roller-Smith Co 
Thwing Instrument Co. 
Weston Elec. Inst. Corp. 
TACHOSCOPES 
Brown Instrument Co. 
TELEMETERS—See 
Remote Metering 
TELESCOPES 
Gaertner Scientific Corp. 
TENSOMETER (Huggen- 
berger) 
TESTING MACHINES 
Thwing Instrument Co. 
Fatigue 
Impact 
Impact (very light load) 
Thwing Instrument Co. 
Hardness 
Oil & Bearing 


aper 
Thwing Instrument Co. 
Penetration 
Thwing Instrument Co. 
Portable—Tensile—Cem- 
pression 
Sheet Metal 
Stiffness & Bending 
Thwing Instrument Co. 
Stretch 
Thwing Instrument Co. 
Tearing 
Thwing Instrument Co. 
Tensile (very light load) 
Thwing Instrument Co. 
Universal 
THERMIONIC RECTI- 
FIERS 
General Electric Co. 
THERMO-JUNCTIONS 
(Electric) 
General Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
THERMO-VOLTMETERS, 
AMMETERS 
General Radio Company 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
THERMOPILES 
THERMOMETERS 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Gas Filled 
Forboro Co. 
Taylor Inst. Companies 
Mechanieal 
Brown Instrument Co. 
Foxboro Co. 





HASLER SPEED 


The automatic timing of the 3 second measuring 
1/1000 of a second, precludes 
timing errors and eliminates the human element. 


461 EIGHTH AVE. HASLER-TEL CO. New york.N. Y. 


period, set to 





INDICATORS 
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Bristol Company 

Taylor Instrument Cos. 
Resistance 

Brown Instrument Co. 

Foxboro Co. 

Thwing Instrument Co. 
Vapor -Tension 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Inst. Companies 
Wet & Dry Bulb 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 
THERMOSTATS 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 
THERMOSTATIC 

BIMETAL 
W. M. Chace Valve Co. 


TIME INDICATORS 
TIME METERS 
General Electrie Co. 
Weston Elec. Inst. Corp. 
TIME OPERATION 
RECORDERS 
Bristol Company 
Foxboro Co. 
TIME RECORDERS 
Bristol Company 
Brown Instrument Co. 
Gaertner Scientific Corp. 
Foxboro Co. 
TIME SWITCHES 
General Electric Co. 
TIMERS 
Rawson Elec. Inst. Co. 
TIMING DEVICES 
General Electric Co. 
TORSIOGRAPH 
TOTALIZING 
INSTRUMENTS 
American Meter Co. 
General Electric Co. 
TOTALIZING RELAYS 
Electric 
yeneral Electric Co. 
TRANSFORMATION 
POINT RECORDERS 
Brown Instrument Co. 
TRANSFORMERS 
(Instrument) 
General Electric Co. 
General Radio Co. 
Roller-Smith Co. 
Weston Elec. Inst., Corp. 


TRANSITS 
Astronomical 

Gaertner Scientific Corp. 
Pocket 

Taylor Instrument Cos. 
TUNING FORKS— 
Electrically Driven 

General Electric Co. 

General Radio Co. 

Gaertner Scientific Corp. 
TURBIDIMETERS 
U-TUBE MANOMETERS 

Bailey Meter Co. 

Brown Instrument Co. 

Morey & Jones, Ltd. 

Taylor Instrument Cos. 
VACUUM RECORDERS 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 
VACUUM TUBE BRIDGES 

General Radic Company 
VACUUM TUBE RELAYS 

Burgess Labs., Inc., C. F. 
VACUUM TUBE 

VOLTMETERS 

General Electric Co. 

General Radio Co. 

Rawson Elec. Inst. Co. 
VALVES 
Automatic Shut-Off 

Bristol Company 

Brown Instrument Co, 

Foxboro Co. 

Taylor Instrument Cos. 
Back Pressure 

American Meter Co. 
Balanced 

Bailey Meter Co. 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 
Blow-off 

American Meter Co. 
Diaphragm 

Bristol Company 

Foxboro Co. 

Taylor Instrument Cos. 
Differential 

American Meter Co, 
Electrically Operated 

Bristol Company 

Brown Instrument Co. 

General Electric Co. 

Taylor Instrument Cos. 
Motor Operated 

Bristol Co. 
Pressure Relief 

American Meter Co. 
Proportional Air-Gas 

American Meter Co. 





Redusing 
Bailey Meter Co 
Taylor Instrument (o, 

Regulating 
American Meter 
Bailey Meter Co 
Bristol Co. 

Brown Instrument 
Foxboro Co. 
Taylor Instrumer " 

VENTURI METERS 
Bailey Meter Co. 
Brown Instrument (9 
Foxboro Co. 

Morey & Jones, I 
Pioneer Instrum: 0 

VIBROGRAPHS 

VIBROSCOPES 

VISCOSIMETERS 
Taylor Inst. Companies 

VOLTAGE DIVIDERS 
General Radio Co 

VOLT-AMMETERS 
General Electric ( 
Roller-Smith Co 
Weston Elec. Inst. Corp 

VOLTMETERS 

Electrostatic 
General Electric ( 
Rawson Elec. Inst. Co 
Roller-Smith Co 

Indicating 
General Electric ( 
General Radio Co 
Rawson Elec. Instru. Co. 
Roller-Smith Co 
Weston Elec. Inst. Corp 

Recording 
Bristol Company 
General Electric ( 
Roller-Smith Co 

Thermionie Rectifier 
General Radio Co 

WATER METERS 
Bailey Meter Co 
Brown Instrument Co 
Foxboro Co. 

Morey & Jones, Ltd 

WATTHOUR METERS 
General Electric ‘ 

WATTMETERS 

Indicating 
General Electric C 
Rawson Elec. Inst. Co 
Roller-Smith C 
Weston Elec. Inst. Corp 

Recording 
Bristol Company 
yeneral Electric Co 
Roller-Smith Co 

WAVEMETERS 
General Radio Co 

X-RAY SPECTROMETERS 
Gaertner Scientific Corp 








This ad should not be read by 


instrument men who think they 


“know it all” 


Many instrument men, when they see the title, 
“Fundamentals of Instrumentation,” assume that 
this is a topic on which they have little to learn 
The assumption is natural, because everyone who 
has had years of experience with instruments 
does know a lot about them and their uses. You, 
for example, know much more about certain sul 
| jects than does “the other fellow.” 


BUT—"The other fellow” knows more than y 
do about his specialties. 


There are, then, certain fundamentals that every 
ambitious and self-respecting engineer or scien- 
tist should know. 


You will find all of these in “Fundamentals 

Instrumentation.” The price is two dollars pos‘ 
paid. INSTRUMENTS PUBLISHING Co., 330 We 
42nd St., New York City. 
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THE 
REVIEW OF SCIENTIFIC 
INSTRUMENTS 


with 


Physics News and Views 
F. K. RICHTMYER, Editor 


Published monthly by the American Institute of 
Physics in collaboration with the Optical Society of 
America and the Association of Scientific Apparatus 
Makers of America. 


Includes Editorials and special articles on recent de- 
velopments in physics; also news of interest to physicists; 
tables of contents of current journals. 
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Physics Forum: 


Recording and Reproducing Sound 


Contributed Articles: 


Refracting Interferometer for Examining 


Modes of Vibration in Quartz Plates 


Apparatus and Technique for Growing Large 
Specimens of Single Crystal Zinc 


Simple Constant-Level Suspension 
Maintenance of an Independent Reed 


Cell for Routine Electrical Measurements on 
Insulating Oils 


Measurement of Small Alternating Voltages 
at Audiofrequencies 


Book Reviews, Physics News 


Current Literature of Physics 
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January, 1934. 
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MERCOID faxscihorn 
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THE MERCOID comm 
CORPORATION 


Leading manufacturers 
now use Chace Bimetal 
because of its sensi- 
tivity, accuracy and 
dependable operation 
under all conditions. 


Furnished in: 
SHEETS «+ STRIPS + FORMS 


> CHACE 

{HERMosTA]| 
., BIMETAL 
Siena ith, the B= 


W.M.CHACE VALVE CO. 


1609 Beard Avenue + «+ + Detroit. Mich 














Increase Sensitivity 


of all types of a. c. measuring devices 





The Type 514-A Amplifier increases the sensitivi 
of a. c. galvanometers 200 times. Permits substi- 
tution of inexpensive meter for telephones in 
bridge measurements. Amplification constant over 
a wide frequency range. 

Frequency range 50 eveles to 50) 


Amplification 200 feeding 20,000 ohn 


Input impedance 1 megohm 


Price: $76.00 


GENERAL RADIO COMPANY 


CAMBRIDGE MASSACHUSETTS 














“Free Vane” 


ACCURACY 


even at lowest ranges 
assures precision 
control! 


PERATING MEN recognize the importance of 
O exercising the closest temperature control on 
plant processes. But what is not so widely known 
is that a given make of controller can only be re- 


lied on to give that degree of regulation which its 





basic design makes possible. 


TEMPERATURE CONTROL 
WITHOUT DISTORTION! 


For example, Bristol’s Full Floating Free Vane 


Air Operated Temperature Recorder Controller is 


so advanced both in design and operation that it A vane (1) is attached to the same shaft (2) 


controls accurately at all temperatures. The in- as the recording pen arm (3). As the tem- 


perature to be controlled varies and actuates 





genious Free Vane device floats freely 
from one position to another. Since it 
does no mechanical work (see descrip- 
tion of operation at right), and experi- 
ences no resistance, friction, or interfer- 
ence in any way with its motion or that 
of the recording element to which it is 
attached, it regulates exactingly the 


process under control. 


There is absolutely no distortion or 
restraint either at, above or below the 


control point. 





the sensitive helical measuring element or 
flattened metal coiled tube (4), the shaft (2) 
turns and so causes the vane (1) to pass 
freely between the two opposing air jets (5) 
and (6). The discharge of these two nozzles 
is throttled, and a back pressure is created, 
which is utilized in effecting control without 
placing any restraint on the recording and 


controlling mechanisms. 


(Left) Full Floating Free Vane Air 
Operated Temperature Recorder Control. 
ler, Model 5240M. 


THE BRISTOL COMPANY —“ WATERBURY = CONNECTICUI!I 
Branch Offices: Akron, Birmingham, Boston, Chicago, Detroit, Los Angeles, New York, Philadelphia, Pittsburgh, St. Louis, San Francaise 
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BRISTOLS 


REG. U.S. PAT. OFF. 


PIONEERS IN PROCESS CONTROL SINCE 1889 











